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iom. ANS ` “Descirerio'n ‘OF Spnoms. - he E А v. 
E a em [Schtbagerina prolongada (Berry) : 7: \ 
т”; у . г Plate 1, ais. BE уч Ceu d. ^ 


инете Сое Mises Neges Job. für Min, Geol, 
га. Pal., Вей. Bd.; vol. 87, 1914, p. 598, pl. 14, fig. 1. 
viulina prolongada Berry. "Pan-American LL vol. 49, 
| 1988, р. 271, pl. 22, figs. 1, 5, 11. А ` 
Description. —А` ‘slender, subcylindrical species stating a М 
mgth of 10 to 12 mm. and: а, “diameter of 1.9 to 2.0 with 7 to 8 ae 
losely coiled vohitions: ' "Young : shells have a'slender fusiform 
паре and a form ratio of 2:1 up to 4:1, but-as they approgeh у 
iaturity they” assume а’ subeylindrical shape’ with Ыіу, 
ounded , poles, and ile form ratio rises to about 6:1. The U 
ntethééà, i is low. except near the. poles, and 18 strongly and. 
валу. fluted along its basal: margin while remaining. ne 
lane: neay, the upper or outer edge. .. СА 
The protocula commonly range between 185 and TU писгбов + ` 
‚ diameter and are generally subspherical.and thin walled. In ' 
he equatorial region the whorls, are very low and the expansion. DC 
radual. Э ; 
“The, spiral, wall is "rather thin, increasing gradually’ from, а 
5 to 20 microns. in the first. volution to: 80 or 90 microns in, 
he'sixth. Its structure i is commonly obscure іп the first 2 or 8 ~ 
'horls but, shows a distinct кш апа кепшеп jn the: outer. i 
olutions. DW а 
The. septa. are, "теййал}у: folded from E to nm buti in axipl СТИ 
ections Не ` septal loops appear short because’ the: folds are. 
теу, confined, to, thë lower, ec proximal half of each вери. 
at. Jour: засебан, "No. 1; Тал E py сы | Ds ч 
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Tangential slices (Fig. 4 of Plate 1) show well this peculiarity 
The tunnel is wide, and in the first 4 or 5 volutions ів borderec 
by very narrow, low chomata. A slender zone 9h axial filling 
follows the axis. ' E 


TABLE OF MEASUREMENTS.* 





r——Half length ——Á, Radius "véctor—, ^J c——Form ratio—- 


id 2 8: 4 #1 2 8° 4 #1 2 8 
о .05 10 007 098 ^" 05 ло .07 :098 ‚ 10, 

4 25 35 B 9 ла 15 лв 4" 20 284 LT 
а 45. 70. 50 50 18 21  .19- .19 25 83' 2.6 
. 8 40 108 90 75 25. 28 26 '.20 28: 40 85 
4 1.000 LT7O 1.25 1.00 88 40 '.87 86 80 42 88 
"5 170 250 2.00 1.80 "A5 59 49 50 85 42 "41 
6 270 4.20 8.90 8.00 ` 60 ЛТ мо 64 45 855 5.6 
:7 480 ... 570 500 ^ , 80 94 86 _ ,54 6.1 
8 -5.90 1.00 E 1.08 5.9 

Tunnel апдїе—у .- ——Wall thickness— Septal coun. 
#1 2 8 4 GL 2/8 .4 46: 8 T 

0., 020 .015 .015 г. 

1 epu ee LU ES +... O18 .020 018 us Өз 
200... 4097... 90  .. ... 02 .020 2025 17 16 '12. 
8 27^ 48» 86° 28 .... 025 .020 .080 ^ 17 17 14 
СА 85° 48°. 41° 869. .... 085 .025 '.086 18. 19 16 
ТВ 88° 48° 50° 469 . .'... .060 .048 .048 24 20 

6  ..:' 55°. 45° 48° ... 970 .070 ~.070 26 29 

Т 569 ... ... 889 ^"  ... ... ... .070 ' | 


Specimens 1 to 6 are illustrated ¢ on Plate 1 as Figs. 1, 8, 8; 
9, 10, and 11, respectively. 

Discussion.—This species is very vinilár to S. linearis: Dun- 
bar and Skinner of the Wolfcamp strata of Texas, which. it 
resembles in shape and size, in the form of its low. septal folds 
in the width of its tunnel, and in its secondary’ axial filling 


‚ Indeed, the distinction can hardly be more than varietal... I 


the Texas shells the prolocula are commonly much larger:tha: 


1а the South American form and have even thinner walls. 


The original description and illustration of Fusulind pro 
longada Willard Berry would hardly permit recognition of the 


* In this and following tables of measurements, data: for several type 
are arranged for easy comparison. Speciniens are numbered from left t 
right across each unit:of the table and whorls are numbered: from the toj 
downward along the left side of the table, the proloculum being MEAM 


. ав Zero. ` Ё 
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Species, but through the: kindner . : f ‘Professor Edward W. 
Berry we have been able to res’. = з types. The axial sec- · 
tion shown as figure 1 on Berry’s ..,:is reproduced from a 
new photograph at the standard magr ification of 10 diameters 
as Fig. 1 of our Plate 1. This we designate as the holotype. е 
‚ specimen, It has been used along with some 50 other sections 
: in drawing up the description given above. 
This is probably the species described by Meyer as в Schell- 
‚ wienia convoluta and we intended at first to use his specific 
"name, but critical study of his description and illustration have 
persuaded us that such а course is not, justified. Meyer stated 
that he had only a few individuals, that they were embedded in 
matrix, and that they were badly broken. He gave only a 
single figure which represents the inner whorls of an incomplete . 
‘axial section. It is apparently a drawing rather crudely made - 
and the magnification is not indicated. The significant part of 
shis description may be translated freely as follows: 
“The dimensions of the largest individual аге 12 mm. in . 
‘length by 2.8 mm. in diameter, the ratio being 6:1. This is a - 
very high ratio. In the early volutions it is not so great, being 
only 2.6:1 in the third volution of the figured specimen. The 
form is still pointed at the ends in the early whorls, later 
bécoming cylindrical. The diameter of the quee. observed 
proloculum is 0.15 mm. ` 3 
“The coiling is extraordinarily élose в so that the four first 
volutions in the figured specimen attain a diameter of only- 
0.6 mm. The number of volutions runs up to 7. The thickness 
of the wall in the last volition is 0. 055 mm.” 
This statement bears evidence of inéxcusable carelessness and. 
inaccuracy. If the length ђе 12-and the diameter 2.8 mm., then 
: the ratio is not 6:1 but about 4.8:1. [The diameter probably 
“was 1.8 instead of 2.8 mm.] Furthermore, the stated dimen- 
"sions indicate that the diameter of the proloculum is exactly 
^ one fourth that of the fourth volution, whereas the figure shows 
it to be almost exactly one third. ‘Since the, actual scale of the 
figure is not indicated, the ditnensions cannot be checked. On 
Meyer’s plate there are figures of two other fusulines, and of 
brachiopods, a bryozoan, and а coral. „At least five different 
magnifications .are used ori this plate and the scale is indicated 
for all but two of the figures, that of Schellwienia conooluta 
, and one of another fusuline, S. aff. vulgaris. Two figures ‘of 


460 С. О. Dunbar and М. D. Newell —Marine Early 
another fusuline, Schellwienia peruana, are shown to be at 16 
diameters. If.we accept the stated dimensions of the prolo- 
culum, the figure of S. -convoluta is enlarged to +13.8 diam- 
eters ; but if we accept the stated diameter of the fourth volution 
the enlargement is at +11.8 diameters. On the assumption 
. that the enlargement was to 16 diameters, we have reduced 
| Meyer’s figure to a X 10 enlargement and reproduced it as our 
‚ Fig. 5 of Plate 1. Thus it corresponds rather closely in shape 
and dimensions with the inner volutions of 5. prolongada Berry. 
-On the contrary, detailed comparison of the shape of the septal 
- loops and especially of the distribution of secondary filling, 
‘shows little resemblance. Actually, the strongest reason for 
' suspecting that Schellwienia convoluta Meyer is the same as 
_ Fusulina prolongada Berry. lies in the fact that Meyer's types 
-came from Morochata, about 42 km. northwest of Cochabamba 
. and that in our several collections from this general area 
Schwagerina prolongada . (Berry) occurs abundantly and that 
it is the only species we have found with which S. convoluta 
could be compared. 8 
Distribution—Berry’ 8 три were sated to be from Chulpa- 
pampa and Yempupata, Bolivia. The species is abundant in 
Kozlowski’s collections 8, 9, 12, 18, 15, and 16 about Apilla- 
pampa, ‘Bolivia, and in Ablfeld’s collection 4 from the same 
section; it occurs also in: Kozlowski’s collection 8 at Yauri- 
chambi and in Ahlfeld's collection 1 at Abra de Patapatani 
(between Achacachi and Chuchulaya) east of Lake Titicaca ` 
and in his collection 8 at Finca Chacapaya in the Cochabamba 
- Basin. Itis abundant in Newell’s collection 189 near Tiquina ; 
. it is rare in aba collection 92 of the section at Muñani, 
Peru. 


аа stemmann Dunbar and Newell, n. эр. 
, k ` Plate 2; „Вав. 1-10. | 


Description.—An elongate fusiform species of 7 to 8 volu- 
tions, attaining at:8 volutions a length of 10.5 to 12.0 mm. and 
a diameter of 2.2—2.4 mm. The lateral slopes are gently con- 

_ vex and the poles bluntly rounded. The antetheca is lowest at ' 
the middle, increasing in height toward the poles, and is deeply 
and regularly folded throughout. 

The prolocula are rather small, ranging between 120 and 200 
microns in diameter. They are commonly ‘subspherical but in 
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' occasional shells are а in shape. . ‘The first 8 or 4 volu- 
tions are closely coiled and have a very thin spiral wall scarcely 
exceeding 20' microns in thickness. The remaining volutions 
expand gradvally and the wall thickens rapidly in tlie fourth 
volution and more slowly thereafter, commonly attaining a 

^ thickness of 65 to 75 microns in the outer whorl. | 

Folds are deep and regular on the lower (inner) margin of . 
each septum but die out near the upper margin. Septa are 
moderately spaced, increasing from 11 or 12 in the first volu- 
tion to 17 or 18 іп the third and 18 to 25- іп the fifth. Very ` 
slender chomata are present in the first 8 volutions only. The 
tunnel is moderately wide, and is difficult to measure in good ` 
.thin sections except in the inner whorls. The tunnel angle . 
measures 80° to 40? in the third volution and increases with 
acceleration in the-outer whorls. А secondary filling is some- : 


what irregularly distributed along the axial region. 


TABLE ОЕ MEASUREMENTS, 











E Half length——, Radius vector—, Form ratio——— 

ам 2 8 4 ° #1 2 8 4 #1 3 8 4 

0 09 09 06 410 09 074 06. 10 whe ла fees) haters 

1 во 22 м 28, 44 12, 09 16 21 18 16 14’ 

2. 50 86 81 50 18 18 14 90 . 28 20 22 25 

'8 95 60 .56 80 28 26 224 29 84 28 28 28 

4 140 90 .80 1.25 4T 36 38 89 80 25 24 82 

5 240 155 154 1.95 66 49 46 50 86 81 88 89 

6 8.50* 2.58. 2.04 2,80 ' $0 65 67 ло 89 40 40 40 

7 460 8.90 412 4.20 116 90 .87' .95 40 48 4T 44 

8 5.05 ... 5,0: e. 110... 120 | 46 4.6 
Tunnel апріе——у Wall thickness——4 Septal count——\ 
# #2 8 4 #1 2 8 4 #5 в 7 

0 Lus cub ee RENT 018 0290.015 .025 ~ ... ... ... 

1 237* 2 9179 ... 018. 020 .020 ... 12 1 18 

2 85° 80° 28°. `.. 020 .020 .020° ... 16 .18 15 

з 89° 85° 85° 20° 022 1020 .020 -.080 17 17 18 

4 48° 87° 85° 81° 045 040 025 088 . 21 20 19 

5 89° 85° .... 085 .055 .045 "2 22 19 

6 42° 41° ... 050 .050 .060 26 28 ... 

7. 50° 060 045 060 060 . 27 ... 

8 ` 075 045 065 .060 sae 





` Specimens 1-6 are illustrated on Plate 2 as Figs. 8, 2, 8, 10, 
6, and 5, respectively. 
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Discussion. —This species most closely resembles S. pro- 
‚ longada (Berry) from which it differs in being thicker and 
evenly fusiform rather than cylindrical, in having a smaller 
form ratio, and in having rather higher septal folds. Oblique 
sections of 5. prolongada appear foreshortened and are easily 
mistaken for our new species. With a few exceptions these_ 

| species, are not found together in the collections before us, and 
' „presumably each has a distinct stratigraphic (or perhaps eco- 
` logical) distribution. 

Distribution.—F ound in great abundance in Kozlowsk?'s: col- 


lections 8 and 16 at Apillapampa, Bolivia. It occurs rarely 
with S. prolongada in Newell’s collection 189 near Tiquina. 


Schwagerina ahlfeldi Dunbar and Newell, n. ap. 
Plate 8, figs. 1-10. 


Description.—A small, thickly fusiform species with broadly 
` rounded middle and neatly pointed poles, commonly attaining 
а length of 5 to 6 mm. and a diameter of 2.5 to 8 mm.; and 


.. having 7 to 8 rather closely coiled volutions. 


"Thé prolocula commonly range between 150 and 250 microns 
in diameter and are regularly subspherical. ` The initial whorls 
are very tightly coiled and later expansion is slow and gradual; 
` the shape and form ratio of the shell change but little during 

growth. The spiral wall is very thin in the early whorls and 

thickens slowly. in later volutions, having a’ thickness of 80 to 

‚ №5 microns in the third volution and 50 to 70 in the fifth. 
As shown in Figs. 5 and 6 of Plate.8, the septa are strongly 
‘and regularly folded throughout. The folds extend well up to 
the outer margin, hence septal loops appear high and narrow 
and closely spaced in axial sections. Septal pores are present 
but are-commonly not conspicuous because the strong folding 
causes the septa to cross and recross the slices at high angles. 

The tunnel is low and narrow, the tunnel angle measuring about- 

25° to 80? in the third volution, and 25° to 35? in the fifth. 

One of the most distinctive features of the species is the 
heavy secondary deposit which occupies an irregular conical 
area on each side of the tunnel. It varies considerably in 
development but in many shells solidly fills the chambers of all 
the inner whorls except near the tunnel, as shown by an axial 
section (Fig. 4 of Plate 8) or an excentric section (Fig. 10 of 

. Plate 3). . . 
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E A · TABLE ОР MEASUREMENTS, ' 


Half length ^ ,—Radius En Form ratios 


a 
8 #1 2..8 S81 72,8 ii. 2 8 
0 10° 116 JO ло A16 .10 RIT wi 
1 28 46 38. 17 20 16 16 29 18 
2 50 л 50 28 88. 29 18 21 17 
8 . 65 108 .98 48 51 4, 15 20 13 
4 100 160 180 | 87 B ла 17. 22 18 
5 120 280 1.95 ла 97 86 16 24 30 
6 1600 ... 2.60 954 ... 12 17 ... 21 
7 B00: ond Ses EU qo ada Mee AR. Babes 
8 800 ... ... . 1456 ... ... 20 4 x 
r-lunnel angle >  ,—Wall thickness—  ,—Septal count— 
#1 2 в" #1 3 8 #4 - : 

0 ~ 025: .080 .080 а 

1 а ААТ .080 · .080 , .080 18 . 12 

2 . 21° 25° 85° . .080 .080 .080 22 98 

8 24° 809 ... ` > 085 .048 .080 28 38 

4 . 80° ' 88° 25° "+ 048 ..050 ..048 82 84 

5 Р. 84^ 25° 057 .070 .050 42 88 

6 22° ... 28° 085 ... 057 48 40? 

7, 20 sed 070 Эв... © 
8 25° ds ies seks 





Figures 1-5 are illustrated on Plate 8 as Figs. 4, 1, 2, 7, and 
8, respectively. | 

| Discussion.—In shape, septal evolution, and axial filling this ` 
species resembles S. compacta. (White) of the Wolfcamp forma- 
‚ tion of "Texas, but it is distinetly smaller, relatively shorter, 

and has much larger prolocula. | | 

In size and shape it is extremely like S: gümbeli Dunbar and 
Skinner of the lower Leonard group of Texas, but its whorls 
are somewhat more closely coiled, especially the early ones, and 
its axial deposits are more massive and its prolocula generally. 
"smaller than in the Texas shells. As shown in a tangential slice 
of'the outer whorls (Fig. 5'of Plate 8), the septal evolution is 
во far advanced as to’ foreshadow the development of cuniculi. 
In this respect also it'resembles S. gümbeli. Judged by this 
feature, its age ‘should be late Wolo or possibly Pun 
Leonard. 

Selo igei gruperaensis Thowipaon and Miller, from onthe: 
ernmost Mexico, is also similar to our species, but is much 
larger, Ваз larger prolocula, and more open coiling. 


f SE v 


H а ` , 


:464 С.0. Dunbar and N. D. Newell —Marine Early - ise 


Distribution. —This species characterizes the upper- half of 
unit 8 of Newell’s section on Tiquina Strait. This limestone} - 
about 656 feet thick, extends from about 820 to 1475 feet above - 
the Permian-Devonian contact. . Fusulines were collected from 
six different zones, ranging from near the base to near the top 
of this limestone: - In the upper three, S. ahlfeldi occurs in- 
abundance. No other fusulines were found with it in the two 
upper zones (Collections 145 and 147), but in Collection 148 
from a little above the middle of this limestone it is associated 
with 5. cf. S. emaciata (Beede).' : 

` Its absence from the richly fossiliferous beds ‘about Apilla- . 
pampa and Cochabamba would suggest’ that unit 3 at San 
Pedro 1 18 а топе not represented i in our collections farther south. 
Nor has it been found in the long section near Mufiani or the 
one near Cerro Pirhuate. 

р ` Schwaperina (2) patens Dunbar aid Newell, n. зр. ` 

Plate 4, figs. 1-8; Plate 8, fis. 1, 12. | 

Schwagerina aff. lazissima Thompson. Jour. Paleont., vol. 17, 
р. 204, pl. 88. | 

пя, — Ап elongate, meloniform species, commonly . 
attaining a length of 11 to 12 mm. and a diameter of 3.2 to` ~ 
3.5 mm. At this size the shell consists of. 6 to 7 very rapidly 
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- PLATE 1. 
Schwagerina. prolongada (Berry). 


Tig. 1. Holotype, axial section (x 10) from Chulpapamps, Bolivia. This 
1з the specimen illustrated as figure 1 of plate 22 by Berry. It is in the 
collections of Johns Hopkins University. 

Fig. 2. Spécimens in the rock (x 1) from Ahifeld’s collection 4 at 
. Apillapampa, Bolivia. У. Р. М. 17882. 

‘Fig. 8. Axial section (x 10) from Ahlfeld's- collection 8 at Finca. 
Chacapaya near Sipesple Ceste, Cochabamba Basin, Bolivia, У. P. М. 17888: 
^ Fig. 4. Tangential slices (x 10) from Koslowskt’s collection 15 at 
Apillapampa, : Bolivia. 

Fig. 5. Copy of Meyers figure of Sohellwienia convoluta, reduced to 
10/16 of the original. 

. Fig. 6. Paratype immature shell (x 5) from Chulpapampa, | Bolivia. 
This is the specimen represented by figure 11 of Berry's plate 22. Tt is in 
‘the collections of Johns Hopkins University. — - 

Figs. 7, 8. Axial sections (x 10) from Ahlfeld’s collection 4 at Apila- 
pampa, Bolivia. Y.-P. М. 17884, 17885. 

Figs. 9-11. Axial and two sagittal sections (x 10) from Koslowskfs | 
collection 15 at АрШарашра, Bolivia. : 
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Schwagerina prolongada 
{Berry} 





É 
— oO 
be MEC 


PP. 





Schwagerina steinmanni 
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У expanding volutions. The ends of the shell are commonly 
`` unsymimetrical and the axis not straight. 

"The prolocula show a range in size from less than 200 to 
| ‘nearly 400 microns in diameter but commonly measure between 
250 and 800 microns. . 

The ontogeny . ‘of this-shell is distinctive. The innermost 
whorls aré-shdrt and thick and rather tightly coiled, and have 
a relatively. thick wall and well developed chomata and consid- 
erable epithecal deposit. - But the ‘rate of expansion is excep- 
tionally-high and the outer volutions appear high and loosely 
coiled. Chomata disappear in the third or fourth volution; the 
wall increases slowly in thicknéss in the outer whorls. The net 
result is that’ the early whorls appear as a thick-walled’ and 
closely coiled nucleus in the middle of à large, loosely coiled* 
shel. In either axial or sagittal section they appear at first ·, 
. glance to have the characters of an elongate Pseudoschivagerina." ` 
But critical examination of the sagittal sections shows that the 
dense central nucleus owes its appearance largely to the thick 
‘ chomata and other epithecal deposit—the radial expansion is 
gradual although somewhat irregular. The septa are rather 
strongly folded but in the high outer volutions the folds are 
large and in axial sections the loops appear rounded and very 
irregular. Septal pores are abundant but. unusually small. 

The tunnel is low and uncommonly variable in width. - In the 
first 8 or 4 volutions it is clearly defined by the bordering 
chomata, but in the outer whorls it is.difflicult to observe in 
good thin sections. `‘ 

. Specimens 2-7 are Hlustrated on Plate 4 as Figs. 1, ?, 8, 6, 2, 
and 5, respectively. 

‚ Discussion—This species is very similar to Schwagerina су 
laaissima Dunbar and Skinner of the Wolfcamp series in Texas, 


PLATE 2, n 
*.— Schwagerina steinmanni Dunbar and Newell, n. sp. 


Fig. 1. Axial section (x 10) from Ahlfeld's collection 8 at Finca Chaca- 
.paya near Зіревріе Ceste of Cochabamba Basin, Bolivia. Y. P. М. 17886. 
Figs. 2, 8, 8. Axial sections (x 10) from Koslowski’s collection 16 at 
Apillapampa, Bolivia, Figure 8 shows the holotype. 
Figs. 4-6. Excentric and two sagittal sections (x 10) from same locality. 
_Figs. 7, 9. Axial sections (x 10) from Newell’s collection 189 near 
Tiquina Strait. Y. P. М. 11426, 17427. 
Fig. 10: Axial section (x 10) from bed 8 of Newell’s section at Tiquina. 


‘Newell collection 148. . гҮ. P. М. 17428. & 
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-—Taunnel angle—, 7——Wall thickness——, c——Septal count—, 
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of which it may prove to be only а geographical subspecies. 
The: South American form has a thinner wall and tends to 
develop chomata in one more volution than the Texas form. 

The correct generic assignment of both these species is prob- 
lematical. Obviously they are descended from T'riticites, and 
during their ‘youth could not be distinguished from that genus. 
But their adult volutions have the characters of Schwagerina in 
that their septa are strongly folded and chomata are obsolete. 
In their high outer volutions they mimic Pseudoschwagerina and 
strikingly resemble species such as P. d'orbignyi and P. texana. 
But they fail to show the sudden inflation at the end of the 
juvenile stage which is characteristic of Pseudoschwagerina, 
and their walls are notably thicker than is normal for that 
genus. 

The specimen illustrated in Figs. 11 and 12 on Plate 8 shows 
а unique' and puzzling biologic feature. Near one end of the 
penultimate volution the shell has incorporated the shell of & 
juvenile individual of the same species. The young shell con- 
sisted of a proloculum and approximately one volution. Well 
defined chomata adhering to the surface of the proloculum 
define the tunnel and clearly indicate the orientation of the 
young shell which is approximately at right angles to that of 
the large one. x | 
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There is no possibility that this small shell was introduced 
as a foreign object after the large shell was empty. Preserva- 
tion is exceptionally perfect and no matrix had entered the 
large shell. Moreover, it is evident that the small shell is 
enveloped in a tangle of septal folds and was actually overgrown 
by the large one. 
` Occasional shells of many species of fusulines are found with 


.a double proloculum which appears to indicate that two young 


individuals had fused completely; but in such cases the indi- 
viduals were at almost identically the same growth stage when 
fusion occurred, and it appears possible that it may represent 
some kind of sex phenomenon akin to the conjugation that is 
common among the Ciliophora, But the fusion of а very 
young with a nearly mature individual is an enigma. Is it 
possible that the adult devoured a young individual and then, 


‚ instead of rejecting the shell of the latter, grew around and 


invested it? 

Distribution —This species occurs in abundance in Kozlow- 
ski’s collection 1 and in Newell’s collection 188 at Yaurichambi, 
Bolivia. In the latter it is associated with rare specimens of 


` Triticites boleviensis, n. sp. 


This is the species which Thompson (1948, p. 204) described 
as Schwagerina aff. lawtssima Dunbar and Skinner from a deep 
well in the Agua Caliente oil field in the ае of Loreto 
northeast of Tarma. ES 


Schwagerina muiianiensis Dunbar and Newell, n. sp. 
Plate 11, figs. 7-18. 


Description.—A. small, thickly fusiform species with inflated 
middle and neatly pointed poles, commonly attaining а length 
of 5 to 6 mm. and a diameter of 2.5 to 2.6'mm. Shells of this 
size have about 6 volutions. | 

The prolocula are small, thin walled, and spheroidal. The 


| first whorl is closely coiled about the small proloculum but the 


expansion is rapid and the outer volutions are relatively high. 
The spiral wall is thin, having a thickness of 25 to 80 microns 
in the second whorl and rarely exceeding 70 microns in the outer 
whorls. 

- The septa are strongly folded throughout. The tunnel is 
narrow but is difficult to measure in thin sections because of the. 


i 
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septal folding and the lack of chomata. In the first 2 or 8 
whorls there are very low, slender chomata but they are obsolete 
in the remaining volutions. 


TABLE OF MEASUREMENTS, 

















Specimens 1-4 are illustrated on Plate 11 as Figs. 8, 9, 10, 


and 18, respectively. 

Discussion.—1n its thin wall, loose coiling and strong septal 
folding, this species resembles S. nelsoni Dunbar and Skinner of 
the Wolfcamp series in Texas, but is only about half as large 
in corresponding volutions and scarcely attains half the size of 
the Texas shell. Also it has a much smaller proloculum. 

In size and proportions, it resembles S. bellula of the Wolf- 
canip series in Texas. That species also has very small prolo- 
cula and high, strong septal folds, but its wall is thicker and it 
tends to develop epithecal filling along the axis. 

Distribution.—This species is fairly common in Newell’s col- 
lection 92 from the Cretaceous conglomerate that rests on the 
Permian section near Mufiani, Peru. The specimen shown as 
Fig: 7 on Plate 11 was found in Kozlowski’s collection 2 at 
Yaurichambi, where it is associated with Pseudoschwagerina 
kozlowsks. 
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Schwagerina sp. A 
` Plate 8, fig. 11. 


Associated with Schwagerina ahifelds in collection N145 from 
the T'iquina section is an axial section of a shell that resembles 
that species in general shape and size and in the intensity of its 
high septal folds. ` But this shell has a large proloculum (262 
microns in diameter) and its inner whorls are few and loosely 
coiled. Moreover, it has almost no axial filling. 

This shell is well outside the range of variation shown by a 
large number of sections of S. ahlfeldi, but whether it represents. 
an individual aberration or a variety or a distinct species car- 
not be determined until more shells of this type are found. - 


Schwagerina cf. S. emactata (Beede) 
Plate 8, figs. 12, 18. 


In Kozlowski's collection from Yaurichambi we find two axial 
sections of a small slender Schwagerina distinctly different from 
any other species seen in our Andean collections but remarkably 
similar to S. emaciata of the Wolfcamp series in the United 
States. . 

One consists of 614 volutions and has а length of 4.6 mm. and 
a diameter of 1.6 mm.; the other includes 714 volutions and hes 
a length (restored) of about 5.7 mm. and a diameter of 1.85 mm. 
The prolocula are very small, that of the first specimen having 
a diameter of 100 microns and that of the second only 95 
microns. The wall reaches a maximum thickness of aboct 
70 microns in the outer whorl and is rather coarsely alveolar. 
The septal folds are strong and septal loops high and narrov. 
A trace of slender chomata can be seen in the first 2 or 8 volu- 
tions. The tunnel angle is narrow, rising to about 80° in the 
fifth and sixth whorls. 

Comparison with the illustrations and measurements of 3, 
*emaciata (Beede) as given by Dunbar and Skinner in 1987 
(p. 633 and pl. 56) will show that all the data cited above fall 
within the limits of the Beede species. Direct comparison of 
superposed thin sections confirms the identity and we only hes- 
itate to apply the name of the Wolfcamp species to the South 


_American form without additional sections. 


Occurrence.—Two specimens, only, were found in Kozlowsk?s 
collection 7 at Yaurichambi where they. are associated with 
Pseudoschwagerina d’orbignyi, T'riticites patulus, T. titicaca- 
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ensis, and Т. opimus. Several specimens apparently belonging 
to this species were found also in Newell's collection 92-C in bed 
8 of the section near Muñani where it has approximately the 
shme associations. 5 ; 


 Pieudosclivagerina koslowskii Dunbar and Newell, п. sp. 
Plate 5, figs. 1-7. 


Descréption.—A: thickly fusiform species with evenly ellip- 
tical axial profile and subacutely pointed poles. It commonly 
has about 5 volutions and attains a length of 8 to 9 mm. and a 
diameter of 4 to 5 mm., the form ratio varying from 1.7 to 2.2. 

_ The proloculum shows a considerable range in size, being only 
140 microns in diameter in measured specimen no. 5 but 280 
microns in specimen no. 6 and 400 microns in another specimen, 
but it is commonly between 175 and 250 microns in diameter 
and is sübspherical. 

The juvenarium commonly includes about 24% volutions but 
if the proloculum is small it may amount to 814 volutions and 
if the proloculum is large the juvenarium may be reduced to 
2 volutions. In this portion of the shell the whorls are low and 
the tunnel is bordered by rather slender but well defined cho- . 
mata. Following the juvenarium the whorl rapidly increases 
in height, commonly reaching a maximum within half a volution 
and then declining again in the last whorl as well shown in 


Figs. 6 and 7 of Plate 5. Chomata are usually completely 


. lacking in the inflated whorls. 


The spiral wall is alveolar, showing well defined tectum and 
keriotheca and increasing gradually in thickness from 20 to 
80 microns in the first whorl to about 50 microns in the third 
and commonly near 100 microns in the fifth. | 

The septa are gently folded but since they are widely spaced 
in the inflated whorls the septal loops appear sparse and 
extremely irregular in axial sections. The true extent of fold-. 
ing is better shown in the juvenile whorls where the septa are 
more closely’ spaced and invariably lie near the plane of the 
section. Аз shown in Fig. 7 of Plate 5, the septa appear short 
and thick in the juvenile whorls and very long and much thinner 
in the inflated whoris. Ped pores are abundant in the 


inflated whorls. 


'The tunnel is rather narrow in the juvenile whorls where it is 
bounded by narrow chomata; but in the inflated whorls it can 


^ 
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seldom be measured in thin sections because the septa are so 
spaced that only rarely does one coincide with the slice. Com- 
monly the septal folds increase in depth in the outer volution. 

‚ Statistical measurements tabulated below show large dis- 
crepancies between individual shells as is common in this genus. 
This springs partly from the large variation in the size of the 
prolocula and the fact that the number of volutions in the 
juvenarium varies inversely with its size. Thus, for example, 
the third volution of specimen no. 1 is in the inflated part and 
in specimen no. 2 it is in the juvenarium. Furthermore, in 
shells that expand so rapidly, apparent discrepancies are 


notable if the slices do not fall precisely in the plane coincident- 


with the ends of complete volutions. "That is, if one shell is 
measured exactly at the ends of volutions 1, 2, 8, and 4, and 
another at 34, 194, 234 and 834 volutions, the former will 


„appear to be considerably larger even though the shells are 


equal in size and shape. 


TABLE OF MEASUREMENTS. 
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на 2, 3, and 5 are illustrated as Figs. 4, 2, 8, and 7, 
respectively, on Plate 5. 
Discussion.—' This species is intermediate in shape ТОЕ 


‚Р, uddené and P. terana of the United States. It is less inflated 


than the former and its volutions never attain ‘аз great height; 
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and it is hot so slender and elongate as Р. fezana and its septa 
are less strongly folded. It is very similar in size and shape to 
P. beede$ Dunbar and Skinner from the basal Wolfcamp in the 
Hueco Mountains, but it appears to be constantly somewhat 
more slender in the juvenile whorls. 

Occurrence.— his is a common species in Kozlowski's col- 
lections, being present in collection 5 from Yaurichambi, in 
collections 9, 11, 12, 18, 14, and 18 from Apillapampa, and in 
collections 19, 20, and 21 from Carpacayma. It is abundant 
in Newell’s collection 92C from unit 8 of his section near 
Muñani, Peru, which is about 1000 feet above the base of the 
Permian at that locality. It is also common in Newell’s lot 92 


which was collected from boulders in ‘the base of the Cretaceous . 


where it rests upon the Permian. 

At several localities it is associated with Pseudoschwagerina 
@orbignys and with Schwagerina prolongada and Triticttes 
bolvoiensis. 


Pseudoschwagerina d'orbigngi Dunbar and Newell, n. sp. 
Plate 6, figs. 1-9. 


Description.—A slender species for this genus with bluntly 
rounded poles and without an equatorial bulge, the axial profile 


PLATE 8. 
Schwagerina ahlfeldi Dunbar and Newell, n. sp. 


Figs. 1, 2. Paratype axial sections (x 10) from near the top of unit 8 , 


of Newell’s section at San Pedro, Strait of Tiquina, Copacabana Peninsula, 
Bolivia." Newell’s collection 145. У. P. М. 17429. 

Figs. 8, 4. Paratype and holotype axial sections (x 10) from а loose 
block on the outcrop at the same locality. Newell’s collection 140. У. Р. М. 
17481, 17482. 

Figs. 5, 6. Slightly tangential section and tangential slice Ed 10) from 
same rock specimen as the last. Newell’s collection 140. У. P. M. 17488, 
17482. 

Figs. 7, 8. Paratype sagittal sections (x 10) from same locality as the 
last. Newell’s collection 140. У. P. M. 17484, 17485. 

Figs. 9, 10. Slightly oblique sagittal section and excentric section (x 10) 
showing the heavy axial filling. Same locality as the last. Newell’s collec- 
tion 145. Y. P. M. 17486. 


Schwagerina sp. А. 
Fig. ll. Axial section (x 10) from same bed as figures 1 and 2. 
Newell’s collection 145. 'Y Р. M. 17487. 


"Schwagerina сї. 5. emaciata (Beede) 


p 12, 18. Axial sections (x 10) from Korlowski's collection 7 at 
Yaurichambi. 
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being an elongate ellipse with a form ratio commonly about 2.5. 
The shell has about 5 volutions and reaches a length of 5.5 to 
6.5 mm. and a diameter of 2.0 to 3.0 mm. 

The prolocula range from less than 150 to about 340 microns 

in diameter and the juvenarium includes from 1% to 815 
volutions, the number varying inversely with the size of the 
proloculum. Accordingly, the statistical measurements as tab- 
ulated below appear rather widely discordant since the second 
or third volution in one shell may represent the tightly coiled 
juvenarium and in another the inflated part of the shell. For 

- example, specimen no. 1 with a smaller proloculum and 5 volu- 
tions corresponds very closely in adult size and shape with 

specimen no. 4 which has a larger proloculum and only 4 

volutions. 

In the juvenarium there are well defined but slender chomata 
that disappear in the first of the inflated whorls. The inflation 
is not quite so rapid as in P. kozlowskii, the whorls do not 
reach so great a height, and the poles are more bluntly rounded. 

The spiral wall is like that of P. kozlowskii in structure and 
thickness. 

The septa are widely spaced, as is usual in this genus, and 
are gently folded so that in axial sections the septal loops 
appear sparse and very irregular. There is a tendency for the 
lower margin of the septa to be more deeply folded in the outer 
whorl. 'The final volution commonly decreases in height, as 
shown in Figs. 8 and 9 of Plate 6, and the septa are more 
closely spaced. In some shells these last chambers show a rather 
close tangle of septal loops. Septal pores are abundant in the 
inflated whorls. 

The tunnel is rather wide, increasing from 20° or 30° in the 
first volution to 50° or 60° in the fourth. It'is clearly defined 
by the chomata in the juvenile whorls but is commonly not well 





PLATE 4, 


Schwagerina (?) Patens Dunbar and Newell, n. sp. 


Figs. 1, 4, 6. Paratype axial section and two sagittal sections (x 10), 
from Kozlowski’s collection 1 at Yaurichambi. 

Figs. 2, 8, 5. Paratype axial sections and a sagittal section (x 10) 
from Newell’s collection 138 at Yaurichambi, Bolivia. Y. P. M. 17438-17440. 

Fig. 7. Axial section (x 10) from Kozlowski’s collection 1 at Yaurichambi. 

Fig. 8. Holotype axial section from Newell’s collection 138 at Yauri- 
chambi, Bolivia. У. Р. М. 17441. 
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shown in good thin sections of the outer whorls where it can be 


studied best in thick sections or polished surfaces. 


Specimens 1, 2, 3, 4, 5, and 6 are illustrated as Figs. 2, 4, 5, 
6, 8, and 9, respectively, of Plate 6. 
_ Discussion.— This species is distinguished from P. kozlowskia 
by its shape and form ratio. Its proportions resemble those of 
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P. texana of the United States but its ends are thicker and more 
bluntly rounded and its axial profile elliptical rather than 
fusiform. It is also considerably smaller than P. texana. 


———————-————-—-—-—-——_-_——_ 


РГАТЕ 5. 


Pseudoschwagerina kozlowskii Dunbar and Newell, n. sp. 


Fig. 1. Specimens in the stone (x 1) from Kozlowski’s collection 20 at 
Carpacayma, Bolivia. The more slender specimens belong to the species 
P. d'orbignyi, п. sp. 

Fig. 2. Paratype axial section (x 10) from Kozlowski's collection 9 at 
Apillapampa, Bolivia. 

Fig. 3. Paratype axial section (x 10) from Kozlowski's collection 18 at 
АрШаратра. 

Fig. 4 Holotype axial section (x 10) from Kozlowski’s collection 11 at 
Apillapampa. 

Fig. 5. Paratype axial section (x 10) from Newell’s collection 92 at the 
top of the Permian section near Muñani, Peru. Y. P. M. 17442. 

Figs. 6, 7. Paratype sagittal sections (x 10) from Kozlowski's collec- 
tion 9 at Apillapampa. 
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Occurrence.—This species has been found in Kozlowski's 
collection 5 at Yaurichambi; in collections 11, 14, and 18 at 
АрШарашра ; and in collection 19 at Carpacayma. In each of 
these it is associated with P. kozlowskii and in the last two lots 
with Schwagerina prolongada. 


Pseudoschwagerina uddeni (Beede and Kniker) 
Plate 7, figs. 1-5; Plate 12, fig. 8. 


Discussion.—It was a matter of great surprise to find this 
well known Texan species in South America, and we were pre- 
disposed to describe it as new; but after careful comparison 
with numerous sections from Texas we are unable to find any 
characters that would justify a distinction. Among our sec- 
tions is a sagittal slice of a specimen having the remarkable 
diameter of 10 mm. (Pl. 12, Fig. 8). Its penultimate whorl 
reaches a height of .22 mm. This is the specimen to which we 
referred in a preliminary note (Amer. Jour. Scr, vol. 243, 
p. 218) as “the largest species of Pseudoschwagerina yet 
known." It is, apparently, the largest specimen yet known, 
but after cutting many sections from this lot we are inclined 
to believe that it is only an abnormally large individual of 
P. иддет. 1 

Distribution.—'This is the well known species so widely dis- 
tributed in the Wolfcamp strata of southwestern United States. 
Its only occurrence in the collections before us from South 
America is in unit 7 of Newell's section at Cerro Pirhuate, Peru, 
where it is extremely abundant. In the same unit, but not in 
the same layer, we find Schwagerina prolongada, S. (?) patens, 
Pseudoschwagerina kozlowskii, and Triticites patulus. 

PLATE 6. 
Pseudoschwagerina d'orbignyi Dunbar and Newell, n. sp. 


Fig. 1. Specimens in the rock (x 1) from Kozlowski's collection 19 at 
Carpacayma, Bolivia. 

Fig. 2. Juvenile axial section (x 10) from Kozlowski's collection 18 at 
Apillapampa, Bolivia. 

Figs. 3, 5, 6, 9. Two paratypes, the holotype axial section, and a para- 
type sagittal section (x 10) from Kozlowski's collection 11 at Apillapampa. 
Figure 6 shows the holotype. 

Fig. 4. Paratype axial section (x 10) from Kozlowski's collection 14 at 
Apillapampa. 

Figs. 7, 8. Incomplete axial and sagittal section from Kozlowski’s 
collection 19 at Carpacayma. 
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Triticites berryi (Willard Berry) 
Plate 8, figs. 1-10. 


* 


Schellwienia berryi Jones mss. 
Fusulina berryi Berry. Pan-American Geologist, vol. 59, 1933, 
р. 270, pl. 22, figs. 6 and 7 [not 10]. 


Description.—A. small species of 7 to 8 volutions attaining а 
length of 7.0 to 8.0 mm. and a diameter of 2.0 to 2.5 mm. The 
shape is evenly fusiform with gently convex lateral slopes 
tapering to rounded poles. 

The prolocula commonly range between 120 and 150 microns 
in diameter. The early whorls are relatively short and the form 
ratio increases steadily with growth from about 2.0 in the 
second whorl to 8.5 or 4.0 at maturity. 

The wall is of moderate thickness, increasing gradually from 
about 40 microns in the third whorl to a maximum of 65 to 80 
microns in the sixth. It has the typical structure for Triticites, 
the kerigtheca being well developed. 

"Тһе septa are rather widely spaced for a shell of such small 
size and the number increases but slowly in successive whorls, 
scarcely exceeding 20 in the outer volution. However, they 
are rather strongly folded for this genus. Septal pores are 
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plentiful in the outer whorls, especially in the end zones. Cho- 
mata are well developed but not massive. The tunnel tends to” 
widen progressively, its angle being near 30° in the third volu- 
tion and near 50? in the seventh. . 

Specimen 1 is the holotype. Specimen 1, 2, 5, and 6 are 
illustrated on Plate 8, as Figs. 7, 4, 10, and 9, respectively. 

Discussion.—The original illustrations included 3 figures, an 
axial and a sagittal section, and an external view of a specimen 
with one end missing. The latter shows the antetheca which is 
very regularly and strongly folded, even across the middle of 
the shell. We are convinced, however, that this unsectioned 
specimen belongs to a different species, Schwagerina prolongada. 
Accordingly, the axial section figured by Doctor Berry (our 
Plate 6, Fig. 7) is here designated the holotype of the species. 
Fortunately, the original lot from which the types were selected 
includes abundant specimens and of these we have cut 9 axial 
and 3 sagittal sections. These agree closely and are undoubt- 
edly conspecific with the holotype section. But associated with 
them is another specimen which externally agrees closely with 
the one used by Berry to illustrate the exterior of this species 
(his plate 22, figure 10). Berry's original has been kept intact 
but its mate was photographed and then cut down to the axis. 
It was then discovered to have a well marked axial filling and all 
the other characters of Schwagerina prolongada. There can be 
little doubt that the specimen shown by Berry's plate 22, fig- 
ure 10, has the same characters. In the original lot studied by 
Doctor Berry there are, however, several specimens showing 
the characteristic shape of T'. berryi which he had cut down to 
the axial plane and which can be definitely identified with the 
thin sections. We have introduced figures of these (Plate 8, 
Figs. 4, 5, 6, 9, 10). 

The holotype axial section is much thicker than the usual 
thin sections and for this reason the septa appear denser and 
the septal loops more abundant than they do in the other thin 
sections, but, if cut thinner, part of these would disappear. 

Occurrence.— The types are from Chulpapampa, Bolivia, but 
the species was identified by Berry from Yampupata, also. 'The 
types are preserved at Johns Hopkins University. 

'The species occurs in Kozlowski's collection 6 from Yauri- 
. chambi, and in his collection 10, 11, and 16 from Apillapampa, 
Bolivia. 
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Triticites patulus Dunbar and Newell, n. sp. 
Plate 10, figs. 1-10. 


> 


Fusulina peruana Willard Berry [non Meyer]. Pan-American 
Geologist, vol. 59, 1933, p. 269, pl. 22, figs. 4, 8, 9, 12. 


Description.—Shell thickly fusiform (or elliptical in axial 
profile) with bluntly rounded poles; attaining a length of 5 to 
6 mm. and a diameter of 2.5 to 3.0 mm., and at this size con- 
sisting of 6 to 7 volutions. The majority of the shells seen are 
somewhat smaller and are probably immature, having 5 to 6 
volutions. у 

The prolocula range between 125 and 250 microns in diam- 
eter with the mean around 200 microns. The inner volutions 
are rather closely coiled, but the expansion is rapidly accel- 
erated so that the outer volutions are exceptionally high. This 
is a distinctive feature of the species and gives the shell consid- 
erable resemblance to Pseudoschwagerina from which, however, 
it is distinguished by its gradual inflation, its heavier chomata 
and its thicker wall. 

The spiral wall is rather thick, ranging from 25 to 30 
microns in the first volution up to 90 microns in the sixth. It is 
distinctly alveolar with a well differentiated tectum and keri- 
otheca. The tunnel is high and narrow and the chomata are 
rather massive in the first 3 or 4 volutions but become obsolete 
in the highly inflated outer whorls. 

The septa are rather strongly folded for this genus. Septal 
pores are abundant but rather small, and are easily overlooked 
as a result of the strong folding which causes the septa to cross 
thin sections at a high angle. 
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Specimens 1, 2, 3, 5, and 6 are shown on Plate 10 as Figs. 7, 
8, 6, 9, and 10, respectively. 

Discussion—We have cut about 50 sections of this common 
species. Its distinctive features are its thickly ellipsoidal shape 
and its accelerated expansion and high outer volutions. 

Berry identified this shell with Schellwienia peruana Meyer, 
the types of which were found at 'Tarma, Peru; but, as shown on 
page 486, that form is not only specifically but even generically 
distinct from the Bolivian shells. Schellwienia is a straight 
synonym of Fusulina, and peruana of Berry is therefore a homo- 
nym of peruana Meyer. Figures 1 and 2 of our Plate 10 show 
exterior views of the two immature shells figured by Berry and 
figures 4, 5, 9, and 10 show axial and sagittal sections cut by 
Dunbar from cotypes selected by Berry. 

There is по other American species of T'riticites which 
approaches this one in its rapid and accelerated expansion. 

Distribution.—This is a very common species in Kozlowski's 
collections 2, 4, 5, and 7 at Yaurichambi and in his collections 
13 and 16 at Apillapampa, Bolivia. 


Triticites titicacaensis Dunbar and Newell, n. sp. 
Plate 11, figs. 1-6. 


Description.—A small, thickly ventricose species with regu- 
larly curved lateral slopes and neatly pointed poles, commonly 
4.5 to 5.0 mm. in length and slightly over 2 mm. in diameter. 
Shells of this size have about 7 rather tightly coiled volutions. 

The prolocula range in diameter from about 100 to 200 
microns and are normally subspherical and have a wall thicker 
than that of the first volution. The spiral wall is rather thin, 
commonly measuring only 20 to 25 microns in thickness in the 
third volution and rarely exceeding 60 microns in the outer 
whorls. 
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Septa are rather strongly folded for this genus and septal 
loops are abundant even across the middle of axial sections. 
The tunnel is very narrow, commonly measuring between 15? 
and 25° in the third whorl and scarcely more in the outer 
volutions. It is bordered by massive chomata that are uncom- 
monly heavy for a shell of this genus. In addition to the 
chomata, there is considerable epithecal material spread as a 
film on the wall and septa, all of which tends to give the shell a 
compact, dense appearance in thin section. 
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Specimens 1, 3, 4, and 5 are illustrated on Plate 11 as Figs. 1, 
4, 5, and 6, respectively. 
PLATE 7. 


Pseudoschwagerina uddeni (Beede and Kniker) 


Fig. 1. Axial section (x 10). Y. P. M. 17443. 

Fig. 8. Slightly oblique axial section (x 10) which foreshortens the 
axiallength. Y. P. M. 17444. 

Fig. 5. Axial section (x 10) with restored outer margin. Y. P. M. 17445. 

Figs.2, 4. Incomplete sagittal sections (x10). Y. P. M. 17446, 17441. 

АП from Newell’s collection 69-7 in bed 7 of the section at Cerro 
Pirhuate, Peru. This is about 2100 feet above the base of the Upper 


Paleozoic. 
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Discussion.—This species is distinguished by its close coiling, 
strong septal folding, heavy chomata, narrow tunnel, and the 
epithecal deposit especially in the juvenile whorls. 

Distribution.—This species was found in Kozlowski's collec- 
tions 2, 5, and 7 from Yaurichambi, and in his collection 16 : 
from Apillapampa, Bolivia. 


Triticites boliviensis Dunbar and Newell, n. sp. 
Plate 9, figs. 1-11. 


Description.—This is a slender species of medium-small size. 
The middle of the shell is subcylindrical or but slightly fusi- 
form and the poles are rather bluntly rounded. It commonly 
attains a length of to 8 mm. and a diameter of 1.6 to 2.0 mm., 
and at this size has 6 to 7 volutions. The shell shown by Fig. 8 
on Plate 9 has 8 volutions and is larger than any other specimen 
seen which we would refer to this species. 

The proloculum is small, commonly between 125 and 200 
microns in diameter, and subspherical. The equatorial expan- 
sion is slow and gradual and the whorls low. The wall is thin, 
increasing gradually from about 20 microns thickness in the 
first volution to 30 microns in the third and 45 microns in the 
fifth. It shows distinctly an alveolar structure of rather fine 
texture. 


PLATE 8. 
Triticites berryi (Willard Berry) 


Figs. 1-8. Paratypes (x 5) from Chulpapampa, Bolivia, in the collec- 
tions of Johns Hopkins University. 

Figs. 4-6. Paratype axial sections (x 10) from the same collection. 

Fig. 7. Holotype axial section. This is the specimen figured by Berry 
as figure 6 of his plate 22. 

Fig. 8. Axial section from Kozlowski’s collection 7 at Yaurichambi, 
Bolivia. 

Figs. 9, 10. Paratype sagittal sections (x 10) from the same lot as 
figures 4 to 6. 


Schwagerina (?) patens Dunbar and Newell, п. sp. 


Fig. 11. Axial section (x 10) showing at the left end of the penultimate 
whorl a young shell of the same species incorporated in the large shell. 
From Kozlowski’s collection 1 at Yaurichambi, Bolivia. 

Fig. 12. Enlarged detail (x 50) of the area about the young shell in 
figure 11. 
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The septa are nearly plane across the middle of the shell but 
are thrown into relatively loose, irregular folds near the poles, 
as indicated in Fig. 3 of Plate 9. Septal pores are common but 
very fine. The tunnel is low and rather wide, the tunnel angle 
increasing from about 40° to 50° in the third volution up to 
55° or 60° in the fifth. Chomata are well developed in all but 
the outer whorl, but are rather slender. 
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Specimens 1 to 7 are illustrated on Plate 9 as Figs. 3, 7, 1, 
4, 11, 9, and 10. 

Discussion.—This small slender triticite is а conservative 
form and might be compared with Pennsylvanian rather than 
Permian species. There is considerable resemblance, for exam- 
ple, to Т. venustus Dunbar and Henbest of Illinois and to 
Т. acutus Dunbar and Condra from the Virgil series in Neb- 
raska and Kansas. It is difficult to draw useful distinctions 
between such simple and conservative forms. But since the one 
before us is associated with Permian faunas and is from a dis- 
tant continent, it seems wise not to apply to it the name of our 
Pennsylvanian species. 

Distribution—The types of this species are mostly from 
Kozlowski’s collection 14 at Apillapampa, Bolivia, and there it 
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is associated with Pseudoschwagerina kozlowskii and P. d'orbi- 
gnyi. It is also associated with these species in Kozlowski’s 
collections 10, 11, and 12 from the same locality and is present 
in his collection 1 at Yaurichambi where it is associated with 
Schwagerina patens. 


Triticites nitens Dunbar and Newell, n. sp. 
Plate 9, figs. 12-16. 


Description. —A minute species of 5 to 6 volutions which 
only attains a length of about 2.5 to 3.0 mm. and a thickness 
of 1 to 1.2 mm. Its shape is meloniform with convex lateral 
slopes and bluntly rounded poles. 

The proloculum is minute, commonly between 100 and 150 
microns in diameter. The spiral wall is thin and the volutions 
are closely coiled. 

The septa are very gently folded except near the poles, and 
the tunnel is bordered by well-developed chomata. 


TABLE OF MEASUREMENTS. 
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Specimens 1, 2, 3, 44 5 are illustrated on Plate 9 аз Figs. 
14, 13, 16, and 15, respectively. 

Discussion.—One might suspect that these minute shells are 
merely juvenile individuals of one of the larger species. The 
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‘small size of Из prolocula and early volutions would rule out 
most of the associated species. We have compared them closely 
with the inner whorls of T'riticites boliviensis and the resem- 
blance is close through the third volution, but in the fourth and 
fifth whorls Т. boliviensis rapidly expands and by the end of 
the fifth is nearly twice as long as Т. nitens. After careful 
study we are forced to conclude that this is a minute species. 
It was found sparingly in several collections but is not abun- 
dant in any of the material studied. 

Occurrence-—This species is most common in Kozlowski’s 
collection 16 from Apillapampa, Bolivia, and has also been 
found in collections 13 and 14 from the same locality. In 
collection 16 it is associated with Schwagerina prolongada, 
S. steinmanni, Triticites berryi, T. patulus, and T. titicacaensis ; 
and in collections 13 and 14 it is associated with Pseudoschwag- 
erina kozlowskii and P. dorbignyi. 


Sc eee 
PLATE 9. 


Triticites boliviensis Dunbar and Newell, n. sp. 


Fig. 1. Axial section (x 10) of juvenile shell from Kozlowski's collection 
10 at Apillapampa, Bolivia. 
Fig.2. Axial section (x 10) from Newell's collection 188 at Yauri- 


chambi, Bolivia. Y. P. M. 17448. 
Fig. 8. Axial and tangential slices (x 10) of specimens in the rock from 


Kozlowski's collection 14 at Apillapampa. 
Figs. 4-7. Four typical axial sections (x 10) from the same collection as 


the last. Figure 4 represents the holotype. 

Fig. 8. Axial section (x 10) of a specimen tentatively referred to this 
species, though it has more volutions and a greater size than the types. 
The course of the septa indicates that at the left end the shell is curving 
away and that end of the section is therefore somewhat foreshortened. 


From Kozlowski's collection 1 at Yaurichambi, Bolivia. 
Figs. 9, 10. Sagittal sections (x 10) from Kozlowski's collection 18 at 


Apillapampa, Bolivia. 
Fig. 11. Sagittal section (x 10) from Kozlowski's collection 10 at 


Apillapampa. 


Triticites nitens Dunbar and Newell, n. sp. 
Fig. 12. Paratype axial section (x 10) from Kozlowski's collection 18 


at Apillapampa, Bolivia. 
Figs. 18, 14, 16. Holotype and two paratype axial sections (x 10) from 


collection 16 at the same locality. 
Fig. 15. Paratype sagittal section from collection 16 at the same locality. 
Fusulinella peruana. (Meyer) 


Fig. 17. Reproduction of Meyer's original figure reduced to a magnifica- 
tion of 10 diameters. 
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Triticites opimus Dunbar and Newell, n. sp. 
Plate 10, figs. 11-14.- ` 


Description—A rather large, thickly fusiform species of. 
5 to 6 volutions attaining a length of 5 to 8 mm. and a diameter , 
of 8 to 8.6 mm. The lateral slopes are convex and the poles 
obtusely rounded. There appears to be an unusual amount of 
irregularity in the shape near the poles. . 

The prolocula are rather large and show wide range in size 
with diameters ranging from about 200 to -some 400 microns. 
The shell expands rapidly during growth and the volutions are 
uncommonly high. Тһе spiral wall is thick and distinctly 
alveolar. 

‚ The tunnel is pate: narrow and variable in width, with a 
tendency for the tunnel angle to reach its.maximum in the 
fourth volution and decrease in the fifth. Chomata are present’ 
but are rather slender and are proportionately more massive , 
in the first 2 or 8 volutions than in later ones. 
. The septa are rather widely spaced and are somewhat 

strongly folded for this genus. The holotype (Fig. 11 of 
Plate 10) shows uneven folds along the inner margin of the 
septa which are relatively strong and high in the last 115 volu- 
tions but are weaker and lower in the inner whorls. This is a ` 
thick section and the septal loops appear more abundant than 
they do in normal thin slices. . 





' PLATE 10. 
Triticites patulus Dunbar end Newell, n. sp. 


Figs. 1, 2. Exterior views of two immature shells (x 5) from Chulpa-: 
"рашра, Bolivia. These were figured by Berry аз Fusulina peruana Meyer 
and are in the collections of Johns Hopkins University. 

Fig. 8. Axial section of young shell (x 10) from Kozlowski's collection 2 
at Yaurichambi, Bolivia. 

Figs. 4 5, 9, 10. Two axial and two sagittal sections (x 10) from 
Chulpapampa in the collections of Johns Hopkins University. These sec- 
tions were cut by Dunbar from Berry’s lot labelled “Fusulina peruana 
Meyer.” 

Figs. 6, 7, 8. Axial sections showing shells of different growth stages 
(x 10) from Kozlowski’s collection 7- at Yaurichambi. The specimen rep- 
resented ‘as figure 7 is designated as the holotype. 


Triticites opimus Dunbar and Newell, п. sp. 


Fig. 1l. Holotype (x 10) from Newell’s collection 92-C from bed 8 of 
the section near Mufiani, Peru. Y. P. M. 17454. 

Figs. 1214. Paratype axial sections from Метев collection 92 in bed 51 
of the section near Muñani.. Y. P. M. 17455-11457. 
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Specimens 1-3 are illustrated on Plate 10 as Figs. 11, 14, 
and 12, respectively. 

Discussion—In size and shape, and in its high volutions, 
this species resembles Pseudoschwagerina kozlowskii, with which 
it is associated, but it expands gradually and has well developed 
chomata and a relatively thick wall. It is unquestionably to be 
referred to T'rsticites. 

It also résembles 7'. patulus in its rapid expansion, but differs 
notably from that species in its ontogeny, having a much 


larger proloculum, fewer and more loosely coiled early whorls, 


weaker chomata, and a smaller number of volutions at maturity. 

Occurrence.—Found іп the section near Muñani where it is 
rather common in bed 8 (Newell’s collection 92-C). . Also 
present in Kozlowski's collection 7 from Yaurichambi. 


Fusulinella peruana (Meyer) 
Plate 9, fig. 17;' Plate 12, figs. 1-7. 


‚ Schellwienia peruana Meyer. Neues Jahrb. für Min., Geol. und 


Pal, Beil-Bd. 37, 1914, p. 623, pl. 14, figs. За and b.’ 
(Not Fusulina peruana Berry, 1938.) 
Original description (free translation).—“The shells are 


strongly inflated, 2.5 to 8.7 mm. long and 1.5 to 1.8 mm. thick. 
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The number of volutions appears to,reach 6 at maximum, but 
commonly only 5 are present. The whorls are tightly coiled 
and the height of the volutions increases gradually from the 
inner to the outer. The wall is very thin, reaching only 80 
microns in the outer whorl. The twice measured proloculum 
has a diameter of 60 microns. The septa are thick and but 
very slightly folded. The folding appears strongest in the 
axial region. A rather narrow tunnel is always clearly dis- 
played, being bounded by strong chomata. The septal count 
in the single measured specimen is 15, 18, 21, 24 for the first 
4 volutions, respectively. Thè increase in the number is во 
‘gradual that the septal curve is a straight line. Nothing could 
be seen of keriotheca.” 

Meyer’s description was clearly based on inadequate material. 
. He figured only one sagittal and one longitudinal section and 
the latter is somewhat oblique and does not cut the proloculum 
(our Pl. 9, Fig. 17).: He stated that he counted the septa in 
only one specimen &nd measured the proloculum in only two. 

Fortunately he located the source of his types in the section 
at Tarma and it is almost certainly bed 22 of Newell’s section 
(page 887). The abundant fusulines collected from that bed 
by Newell are in all probability, therefore, topotypes of Meyer's 
$pecies. On the basis of this material it is redescribed as 
follows: 

Description—A rather thickly fusiform species of 7 to 8 
volutions commonly attaining a length of about 4.8 and a thick- 
ness of about 2.8 mm. The middle of the shell is very slightly 
inflated and the poles are rather bluntly rounded. 

'The proloculum is commonly between 100 and 150 microns 
in diameter and is spheroidal. "The volutions of the shell expand 
gradually and rather slowly. The first whorl is almost sphe- 
roidal with a form ratio of only 1.2 to 1.3 and the shape changes 
gradually during ontogeny until the length is about. twice the 
diameter at maturity. 

The septa are nearly plane except near the poles where they 
are irregularly folded. Septal pores are abundant, at least in 
the outer whorls, but are rather obscure. The tunnel is mod- 
erately high and of moderate width, as shown in the table of 
" measurements. 

'The wall has the ЗРЯ буры of Fusulinella, the dia- 
phanotheca appearing as an almost clear Jayer between the 
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‚ tectoria, as shown on Fig. 5, Plate 12. The innet tectorium 


is thinner than the diaphanotheca but the outer tectorium com- 

prises fully half the thickness of the wall and is not clearly 
delimited from the chomata which are thick and wide. 
PLATE 11. | 
T'riticites titicacaensis Dunbar. and Newell, n. 8р. 

Figs. 1, 2. Holotype axial section (x 10 and x 20) from т 





collection 7 at Yaurichambi, Bolivia. 


Figs. 8, 6. Paratype axial and sagittal sections ‘(x 10) from Korlowski’s 
collection 16 at Apillapampa, Bolivia. 

Figs. 4, 5. Paratype axial sections (x 10) from Korlowski's collection 2 
at Yaurichambi, Bolivia. 


Schwagerina muflaniensis Dunbar and Newell, n. sp. 


Fig. T. Paratype axial sectlon.(x 10) from Korzlowsk!'s collection 2-at 
Yaurichambi, Boltvia. 

Fig. 8. Holotype axial section (x 10) from Newell’s collection 92 at the 
summit of the Permian section near Muñani, ‘Peru. Y. P. M. 17449, 

Figs. 9-11, 18. Paratype axial sections (x 10) from the same collection 
as figure 8. У. P. M. 17450-17458. 

Fig. 12. Axial section (x 10) from Xorlowskl's collection 7 at Yauri- 


‚ chambi, Bolivia. 
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Specimens numbered: 1 
and 7 on Plate 12. 
Discussion —If our shale are Ва Meyer must have 
- based his species upon immature individuals, since he observed 
only б or 6 volutions and indicated a maximum length of 
3.7 mm., whereas ours commonly attain 7 to 8 volutions and 
have a length of 4.8 mm. Support for this inference may be 
seen in the fact that in the fifth and sixth volutions our shells 
agree closely with the dimensions given by Meyer. Our meas- 
urements. of the prolocula.appear to differ from those of Meyer 
who found the diameter to be,.only 60 microns in the two 
specimens examined. But his illustration (his figure 8b) 
clearly shows & larger size. When allowance is made for the 
fact that this figure is enlarged 16 diameters, it indicates a 
proloculum having an inside diameter of about 68 microns and 
an outside diameter of about 115 microns. If we assume that 
Meyer measured the inside dimensions, as some students have 
done, then the discrepancy disappears. Meyer also indicated 
a thinner wall than we have observed, but if he was dealing with 
immature shells this difference also is explained. 

This is an uncommonly large species for the genus Fusulinella 
and its wall attains an exceptional thickness due to the massive 
inner tectorium. 

The form which Willard Berry described under the name of 
“Fusulina peruana (Meyer),” from the Lake Titicaca region, 
is both generically and specifically distinct and is redescribed.” 
in this study as T'riticites patulus, п. sp. 

Occurrence—Found near the top of the Tarma ‘group 
(—Des Moines series) in the section at Term, central Peru , 
(bed 22 of Newell’s section). 








PLATE 12. 
Fusulinella peruana Meyer. 


Figs. 1-4.. Axial sections (x 10) of topotypes from bed 22 of мете 
section of the Tarma group at Tarma, Peru. Y. P. M. 17459, 17460. 

Fig. 5. Enlargement (x 150) of а part of the section shown in figure 4. · 
This can.be identified with an area in the second to fifth volutions in the 
upper balf of that figure: 

Figs. 6, 7. Sagittal sections (x 10) from the same lot. Y. P. M. 17461. 


Pseudoschwagerina cfr. P. uddeni (Beede and Kniker). 
Fig. 8. Sagittal section (x 10) of а specimen from collection 69-7 in 
bed 7 of Newell’s section at Cerro Pirhuate, Peru. У. P. M. 17458. 
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DESERT RIPPLES. 
RONALD. L. IVES. 


ABSTRACT. Relatively large, slightly arcuate ripples, arranged very 
roughly en echelon, with crests supporting vegetation and troughs plated 
with caliche, cover several thousand square miles of desert land in the 
basin-and-range physiographic province of North America. Physical struc- 
ture and probable origin of these features are here outlined. 


ie? 


INTRODUCTION, 


Pome the progress of field work in the western part of 

the United States from 1928 until the present, the writer : 
has noted large arcuate ripples, with tops supporting а moder- 
ate stand of vegetation and troughs plated with caliche, in a 
number of desert areas. Strong development’ of these features 
18. found in the Salt Lake Desert, of Utah; the Lechuguilla 
Desert, of Arizona; and the Altar Desert, of Sonora; Mexico. 
_ General appearance of desert ripples, as seen from an air-. 
plane at 20,000 feet MSL. (15,600 feet terrain clearance), in 
the Salt Lake Desert is shown in Plate 1. Local residents 
in the Salt Lake, Desert area i these features, appropriately, 
“axle busters.” 

More than forty months of service at'an Army post in the 
Salt Lake Desert made possible continued observation of 
. desert ripples, and their relation to local environmental 
conditions. | 


DESCRIPTION. 


Desert ripples, in the Salt Lake Desert, are from 80 to 
500 feet long, and from 10 to 86 inches high. Spacing between. 
crests of ripples varies from 10 to 50 feet. АП ripples in a 
given level area have about the same dimensions and spacing. i 
General shape of the ripples is roughly arcuate, with minor 
local variations near clumps of vegetation or other surficial 
obstructions. | 

Crests of the ripples support а moderately dense sage 
growth, the components being small, but of considerable age, 
indicating dwarfing. Trough floors are plated with caliche. 
Sectioning of а number of ripples discloses that the crests 
are underlain by а mass of roots and humus, which merges 
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gradually into the saline clay beneath the troughs. А gener- 
alized section across a pair of ripples comprises Text Fig. 1, 
which is not to scale. Note, in this figure, the offsetting of . 
‘the ripple crest, and its relation to the accumulation of sand. 

During wet seasons. (late spring in the Salt Lake desert), 
the troughs of these ripples fill with water to the temporary | 
‚ water level shown in Text Fig. 2. At least а part of this 
filling, in the Salt Lake Desert, is due to upwelling of subsur- 
face water (probably from a brine horizon 18 feet below the 
general land surface), as is indicated by the chemical nature 
of the water. 

ORIENTATION. | 


Studies of the orientation of desert ripples over a wide 
expanse of sage and clay flats east and southeast of the Bonne- 
ville Salt Flats disclosed that their orientation, away from 
. large dunes and inselbergs, is quite uniform, the chords of the 
. ripples trending approximately М 60°Е. In the near vicinity 
of dunes, the ripple crests follow the approximate trend of the 
dune crests. Near inselbergs, stacks, volcanic necks, and 
similar large topographic features, the trend of the ripple · 
crests is disturbed in a manner suggesting a local transition 
from the regional trend (N 60°E) to one roughly radial to 
the structure. ‘The extent of this disturbance of crest trend 
is approximately three times the height of the topographic ` 
feature that it surrounds. А | 


APPARENT ORIGIN. 


Field evidence strongly suggests that desert ripples are 
aeolian features. Ripple orientation indicates that these 
features were produced by winds blowing from approximately 
М 80°W. (880? azimuth). Deviation of ripple crest trends 
near surficial obstacles is in almost exact accord with conven- 
tional aerodynamic theory, the ripples in disturbed areas being 
perpendicular to streamlines about these obstacles. Arrange- 
‘ment of drift sand (Text Fig. 1) and offsetting of ripple crests 
both. support this reasoning, аз do the concordance of dune 
and ripple-crest trends. 

Seasonal flooding of the area, кйш to plating of the 
ripple trough floors with caliche and to leaching of the crests 
help to explain the distribution of vegetation in the rippled 
areas. Once established, such vegetative distribution tends 
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to be self-perpetuating, as the ripple crests are somewhat pro- 
tected from aeolian and other erosion by sage cover; and the 
troughs, made sterile by caliche deposition, are subject to 
deepening by wind erosion during dry seasons. 

Thus, according to all ordinary geologic evidence, which is 
supported by conventional aerodynamic theory, desert ripples 
are aeolian features. 


CONFLICT OF EVIDENCE. 


Trend of ripples indicated that the wind forming them, in 
many parts of the Salt Lake Desert, came from approximately 
330°. This conclusion is supported by the local direction of 
dune migration, the offsetting of ripple crests, and the location 
of sand accumulations in the ripples. 

In almost diametric contradiction, local wind records, kept 

by coóperative observers, indicate that the prevailing wind in 
these same areas is from the southeast quadrant, central 
azimuth 135°. | - 
' Observations in the Lechuguilla Desert, southwestern 
Arizona, having shown that the trend of ripples similar to 
those in the Salt Lake Desert is normal to the local prevail- 
ing wind, it became apparent that а thorough checking of the 
evidence from the Salt Lake Desert was necessary. 


CHECKING OF EVIDENCE. 


Introduction. ; 


The conflict of evidence, outlined above, indicated either 
-that dunes in the Salt Lake Desert migrated to windward, and 
local vegetation was pneumotropic (a palpable absurdity), or 
that some part of the previous reasoning or observation was 
wrong. 


Geologic Evidence. 


The possibility that the ripples in the Salt Lake Desert were 
formed during a previous climatic regime, and were preserved 
by their cover of vegetation, was considered. As many of 
the older roads in this area have been partially obliterated by 
ripple structures, this possibility may be ruled out. Several 
roads used as recently as 1925 are blocked, and the ruts filled 
in, by ripples. A few ripples cut through in 1942 have already 
(1946) started to regenerate the missing sectors. 
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As these ripples somewhat resemble longitudinal dunes, 


reported from the Indian Desert,’ small piles of brick dust and 
powdered graphite were placed at strategic locations among 
the desert ripples. Visits to these areas during the ensuing 
two years disclosed that index material was transported along 


гап axis normal to the ripple chords, in the direction indicated 


by the offsets of the ripple crests (left to right, Text Fig. 1). 
Attrition of index.material prevented longer observation. A 
similar concordance of evidence was noted at the old Gilson 
Smelter (east side of the Dugway Mountains, Tooele County, 
Utah) where finer slag particles have been blown slightly more 
than a mile toward the southeast since smelting operations 
ceased in 1895. | 

‘These tests indicated that there were no serious errors in 


` the geologic evidence or its interpretation. 


Meteorological Evidence. 


Checking of the accumulated meteorological data foni the 
general area, and personal visits to several of the coóperative 


.observers indicated that, while the distribution and number of 


xe 


coóperative stations left mudh to be desired, the work was 
being conducted diligently and competently. There appeared 
to be no reason to question the substantial correctness of the 
existing data. 

Establishment of an, extensive network of recording and' 
reporting meteorological stations in the area, in connection’ 
with other researches, permitted a thorough check of wind 
behavior in the rippled area.” | 

Summarized results of these measurements show that the 


D 


prevailing wind, which is the wind direction most often reported, 


was from the southeast quadrant, as was previously shown by 
the reports of coóperative observers. Wind frequency for a 
typical day, in the rippled area, is shown in Text Fig. 2. 
Assumption that wind speed is constant during the hour 
following each speed measurement is not entirely justified, but 


1 Cornish, V.: 1897, On The Formation of Sand Dunes, Geog. Jour. 9, 278- 


809. 
? Descriptions of methods, equipment, and findings are contained in the 


following reports, now undergoing clearance for publication: Ives. R. L. . 


"Remote Reporting Equipment for Wind Speed and Direction; Continuous 
Wind Recorders; Surface Winds in the Salt Lake Desert; Reduction of . 


Wind Data; (with Кгоопа, E. Г.) Errors in Wind Speed Measurement. 
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Plate 1. Desert ripples in the Salt Lake Desert, about five miles north- 
east of Granite Peak, Tooele County, Utah, as seen from an airplane 
about 15,600 feet above the terrain. Top of this picture is north. The 
scale is 1"—1000 feet. 
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the error due to this extrapolation is compensating, hence use 
of the extrapolation is permissible when а large number of 
observations is concerned. When this extrapolation is made, 
. reported wind speeds are considered as hourly travel figures. 
Plotting of the hourly wind travel, as found above, by direc- 
tions, in the form of а wind rose, discloses that the domi- 





E t 
Fig. 2. Wind frequency rose for а typical day in the Salt Lake Desert. 
Each circle represents one hourly report. 


nant wind, which is the direction from which the greatest travel 
is reported, determined from the same instrumental data as 
were used for Text Fig. 2, із NNW. This is shown in Text 
Fig. 8 (left). As will be obvious from this chart, the prevail- 
ing wind, SE, is substantially cancelled by an opposing wind 
travel from the NW. Cancellation of opposing wind travels . 
along each axis gives the net winds for the period, which are 
shown in Text Fig. 3 (right). It will be noted that the 
“working” wind, as shown by this figure, falls in the same 
octant as that indicated by ripple orientation. 

The ability of the. wind to do work being a function of the 
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square of the wind speed, an attempt to feconcile the geologic 
and meteorologic evidence, using dynamic wind values, was 
made. Resultant dynamic wind, which is the vector sum of 
the individual dynamic winds, the azimuth of which is the 
reported azimuth, and the magnitude the square of the reported 
speed, was determined for a year for each of several stations. 
The resultant dynamic wind direction for a typical day (based 
on the same observational data as Text Fig. 3), was found to 
be 855°. Comparison of computed resultant dynamic wind 
directions with normals to ripple chords indicated an error 
of not more than 16°, but the computed azimuth of the 
resultant dynamic wind was always желе than that of the 
normal to the ripple chord. 

Recomputation of the resultant dynamic wind direction, 
omitting data from periods when the desert was covered with 
snow, or too wet to permit wind transport of clay, caused a 
reduction of the wind azimuth of approximately 10°. Check- 
ing of the wind records disclosed that during a considerable 
part of the middle spring, when the desert was too wet to 
permit wind erosion, the major wind travel was from the south- 
west (this is a normal seasonal effect). 

The normal to the average azimuth of the ripples within a 
100 yard circle just southwest (lower left) of the area shown 
in Plate 1 was found to be 290°, Computed resultant 
dynamic wind azimuth for the same site, where wind observa- 
tions were recorded hourly for 25 months, was 294°. In a 
second site, northeast (upper right) of Plate 1, the normal 
to the average ripple chord had an azimuth of 831°. Com- 
puted azimuth of the resultant dynamic wind at tkis site, 
where records were kept hourly for 14 months, was 324°. 
Several other comparisons, based on less extensive wind records, 
or data of lesser inherent accuracy, gave similar concordances. 
In all of the above comparisons, wind data from intervals when 
wind erosion was impossible (soil wet or snow-covered) were 
omitted from the ‘computations. 

Further refinements of the recording and computing methods, 
such as the use of a continuous dynamic wind recorder, and 
the weighting of the computations by means of a continuously 
recorded soil motility factor would theoretically give more 
accurate results. Use of these theoretically better methods 
, was not attempted because of the stupendous amount of com- 
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‘putation mered: Such refinements, in all probability, would 
be a waste of time at present, due tò the inherent shortcomings 

‚ of present-day meteorological equipment. and methods? The | 
possibility also exists that there are long-term.cyclic, progress- 
ive, or random variations in the actual azimuth of the resultant 
dynamic wind which were not found during the course of this ` 
(geologically) short study. 


| , 
CONCLUSIONS. 


~ It ів apparent, from the geologic and meteorologic findings 

here presented, that desert ripples are small transverse clay 

dunes, the stricture being partially stabilized by vegetal cover 
on the ripple crests and by caliche plating of the trough floors. 

` Orientation of the ripple chords is transverse to the resultant 
dynamic wind operating during that part of the year when 
wind erosion is not inhibited by snow cover or soil wetting. 

Resolution of the apparent conflict of evidence noted in the 
early part of this study indicates that the orientation of sand 
dunes, desert ripples, and similar features is primarily deter- 
mined by the resultant dynamic wind direction in the area 
concerned. From this orientation, the resultant dynamic wind 
can be determined with a fair degree of accuracy. Orienta- 
tion of these features, however, does not necessarily bear any 
relation to the prevailing wind direction, and this wind direction 
cannot, in general, be determined with any assurance by. refer- 
ence to geomorphic features. 

' It is most unfortunate that the T prevailing wind, which 
has a strictly temporal meaning in meteorology, has been used, 

. by many, geologists and engineers, to designate the direction 
of the wind responsible for the orientation of aeolian features, 

' such as sand dunes. ‘This confusion has been strengthened, | 
in many areas, by the coincidence of prevailing wind (term 
used in the meteorological sense) and the resultant dynamic 
wind, which is the wind direction actually корове фог 

orientation of aeolian features. 
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ICE-CONTACTS AND THE MELTING OF 
ICE BELOW A WATER LEVEL. 


JOHN H. COOK. 


ABSTRACT. Sedimentary beds that have been banked against motionless 
submerged ice, preserve a mold of the ice surface. The edges of glacial. 
terraces and platforms, and the sides of kettle-holes when so molded, are 
called ice-contacts. In plan, they may exhibit an irregularity that is char- 
acteristic; in profile, they present a variety of forms not all of which can 
be easily identified. 

A study of excavations made in the more obscure types has demonstrated 
, that many submerged ice-faces ‘had been melted back at the base before 
melting was arrested by depositlon of the sediments. 

The explanation of extended, hummocky, and gently-sloping contacts в 
furnished by that property of meltwater whereby heat generated at the 
surface of a pool is forthwith conveyed to the bottom, thus melting the ice 
at the hase. | 

Undermelting is followed by fracture; ‘and sections во broken off are set 
afloat, to melt away above water level, often without leaving a trace. 


М а letter written in 1872 Louis Agassiz made reference, 

probably the earliest, to what would today be called ice- 
contacts. “There are everywhere," he wrote, “stratified ter- 
races without border barriers (since these were formed only by 
the ice that has vanished)” (Е. C. Agassiz, 1885). The terraces ` 
referred to lay on the sides of a valley, and to visualize the ice 
that had vanished was not difficult for one who had seen strati- 
fied drift banked against living ice “as on the borders of the 
glacier of Grindelwald.” Yet, until the last few years of his 
life (too late to prepare his revised opinions for publication), 
Agassiz was unable to identify as ice-contacts the abrupt 
bounding slopes of the osar in the midst of which he lived. 
Although, eventually, he came to understand osar as a product 
of the meltwaters “that accompanied the break-up of the geo- 
logical winter,” rather than as glacial drift modified by waves 
'and tidal currents, he held to the then prevailing belief in a 
contemporary marine submergence of the New England coast, 
and considered that the many lake basins and cranberry bogs 
were to be explained by the former presence of stranded ice- 
bergs. Evidently, a multitude of ice-contacts іп a region © 
little broken” as eastern’ Massachusetts, presented a problem 
quite different from that presented by those which occasion 
‚ valley-side terraces. 
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In a paper published in 1878, N. H. Winchell attributed 
the steep sides of a stratified deposit at St. John's, Ohio, to 
confinement between the walls of а gully or cleft in the ice-front ; 
and the following year T. F. Jamieson (1874) introduced the 
idea of slumping: “а mass of gravel reposing against the side 
or end of a glacier would lose its support when the ice melted 
away, and, falling down in a slope, would assume the form of a 
steep-sided mound.” 

The concept of ice-contact having found its way into geologic 
literature, there remained the difficulty of applying it. Seventy 
years ago the influence of the Noachian legend was stronger 
than it is today; and many of the miraculous powers formerly 
ascribed to waves and tidal currents, were being uncritically 
accepted as normal for streams of meltwater. Given a warming 
climate and a great body of ice, it was easy to conjure up 
images of torrents and flogds which transcended experience. 
The ability of these imaginary rivers to perform the seemingly 
impossible could always be invoked to explain otherwise inex- 
plicable features: meltwater streams were not bound by the 
laws which govern modern streams. Broad valley-bottoms, 
now threaded by underfit streams, were (and, occasionally, still 
are) interpreted as the paths of those supposedly greater gla- 
cial rivers that had removed vast sections of outwash and 
flood-plain. In spite of their often dimpled and scalloped mar- 
gins and their frequently perfectly flat surfaces, terraces were 
generally accepted as remnants of stream deposits which, ear- 
lier, had filled the valleys from side to side. 

Against this preconception, appreciation of the evidence for 
lingering ice-masses made headway but slowly. William M. 
Davis, fresh from а study of contact phenomena in the Boston | 
district (1890; 1892a) , failed to recognize similar phenomena in 
the Catskill.valley (N. Y.), and described a series of icebound 
deposits аз the remains of а dissected delta (Davis, 1892b). 
This instance of the misinterpretation of obvious ice-contacts 
is not unique in the literature of the past fifty years: it is cited 
merely because, there being no need to labor the point by multi- 
plying references, a selection is called for: ЈЕ will serve to 
illuminate the fact that some difficulty has always attended ` 
attempts to recognize ice-contacts in field studies. 

Some ice-contacts are characteristically irregular in plan: 
so'unlike the bluffs bordering stream-cut trenches that they can 
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'' be read from the contours of a topographic map with a con- - 
' siderable degree of confidence. Examples of this type attracted 
the attention of R. D. Salisbury of the New Jersey survey 
(Salisbury, 1894): recognizing that the deep reéntrants and 
prominent spurs of certain terraces represented interfingering 


' with stagnant ice, he called the terraces, kame-terraces. (Кот: 


the-projecting spurs he invented the objectionable term crevasse 
fillings.) | 

. But not all ice-contacts are во сөйде: they 'аге some- 
times smooth and nearly straight for long distances. And in 


profile they exhibit a great variety of form: precipitous, out- ' | 


` curved at the base, gently sloping and, as an exaggeration of ' 
the usual kame-terrace margin, greatly extended beyond any 
leveled surface with which they may be associated. In the days 
when judgment was necessarily based almost wholly on external 
form, many of the more obscure cohtacts escaped identification: 
the smooth shelving type looks much like a beach; and the 
_extended type is hardly to be distinguished from mounded 
deposits formed on the melting out of heavily burdened basal 
` ice when stagnant and not laved by standing water (till heaps). 
Several years ago, gravel pits were opened in some hillocks 
that the-writer had previously interpreted as “kames resulting 
from slump” (Cook, 1924) ; the sections proved that the hill- 
 ocks were an integral part of an unmodified extended ice- 
contact, and indicated that a critical examination of the many 
excavations made during the past quarter of а century in the 
glacial deposits of the Hudson valley might lead to а better 
· understanding of ice-contacts in general. ^ 
The structures studied were in.bedded sands and ne ; 
‚ exposed along terraces and platforms (sand plateaus), and in 
kettle holes. (No openings were found within areas of kame- 
complex.) Ordinarily, the dip of terrace beds was towards the 
assumed position of contemporaneous ice, but in several 
instances the dip was away from the ice. Indications of dis- 
turbance due to glacial movement against the contacts were 
sought but not found; it may be assumed, therefore, that this 
paper deals exclusively with contacts made against ice which 
was stationary. , 
It was observed that crests are sometimes sharp, sometimes 
smoothly rounded, and sometimes practically. nonexistent (the 
flat top of the deposit паба a gentle slope with no marked 
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line of transition). These distinctions, probably, are unim- 
portant, except that slumping was noted only in association 
with sharp crests. Some surprises were furnished by contacts 
having a rounded crest; chief among them being the discovery 

.that an elongate, lenticular hill on the eastern side of the 
Hudson opposite the city of Albany (not infrequently mistaken 
for a drumlin) is а “platform” of glacial gravels whose sides 
and ends are of extraordinary smoothness, and whose flattish 
top 18 so reduced that it is inconspicuous. The slopes of this 
“hill are (on a much larger scale) much like those shown.in 
Plate 1 which have been chosen to exemplify the smooth rounded 
type of contact. 

The gravels composing this ridge mark the point E & 
stream coming off from (or out of) the glacier, contributed to 
the building of ап extensive terrace a part of which can be seen 
in the distance (A). The deposit. was made between arching 
and deeply undermelted walls of ice. The gentle slope over 
Which winds the road to the pit (B) is underlain by sands con- 
tinuous with those of the ridge: it is a part of the contact that 
ran under the edge of the glacier—a&n edge that, locally, may 

ћауе Ђееп separated from the main body of ice and come afloat. 

` — The sharp crested type of contact is illustrated in Plate 2. 

In this example the slopes have undergone so little later modifi-. 

cation that they may be accepted as the almost perfect mold of 

a submerged ice-surface as it was on the day when the basin that о 

" trapped the sediments was drained. At its top, the contact is 
more nearly vertical than it is below, where it descends in long, 
sweeping curves, then gradually flattens out to form the floor 
of а trough. This trough is in stratified sand as far back as 
the buildings ; and it is pitted by a kettle. The form of the ice- 
surface here preserved шау be described as strongly convex, 
deeply undermelted, and with a pillar of basal ice remaining in 
а subglacial recess. Since the sands of the trough's floor give 

‘place to bedrock not far beyond the kettles, there is no reason 
to believe that this part of the glacier margin was afloat. 

Although the accumulation of sediments under a glacier has 
long been recognized as a possibility, it has seldom been invoked 
to explain particular physiographic details other than eskers, 
the picture generally accepted being that of a solid body of ice 
in contact with its basement everywhere, except for such tunnels 
as may have developed. In 1981 5. A. Andersen ed sought 
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to explain the topographic expression of undisturbed stratified 
deposits associated with stagnated marginal zones (kames, 
kame-complexes and pitted plains) as “largely a cast of the 
under surface of the ice at the time when the deposition ceased” 
(p. 613). The theory advanced by him to account for spaces 
beneath a zone of stagnated glacier will be méntioned later on; 
at this point it is desired only to emphasize the fact of under- 
melting. Every exposure examined confirmed an early impres- 
sion that surfaces in some degree convex must be regarded as a 
normal development of the melting of submerged ice. That the 
base of the convexity was frequently carried under the glacier 
for a considerable distance became evident when it was seen that 
below what, usually, has been considered the foot of a contact, 
there might be a continuation of the sediments running out 
to form flatter ground. 

The principle of physics involved in what I have here called 
undermelting is simple and well enough understood ; but because. 
(if a limited acquaintance with the vast literature is sufficient 
basis for judgment) glacial geologists have overlooked, or lost. 
sight of that principle, I propose to discuss it somewhat fully. 

The melting of ice is a problem in conversion of energy. 
Part of the solar “radiation” falling upon rock or water is 
converted into heat; that falling upon ice or snow when at the 
critical temperature of 0? Centigrade, is not: it is converted 
directly into the energy of state or of molecular freedom (the 
so-called “latent” heat of earlier physics). Thus no heat is 

produced during the change from solid to liquid. Ice and water 
at 0° Cent. will rest in contact without bringing about a change 
of state in either. Excess heat in the air (4. є. more than is 
required to maintain the temperature at 0? Cent.) when applied 
to a surface of ice, is withdrawn from the system of tempera- 
ture exchanges and merely converts the solid into a liquid at 
the same temperature; when applied to the surface of a melt- 
water pool, it raises the temperature of a thin film slightly 
(never as much as 4? Cent.). The reason for this limitation on 
the “absorption” of excess heat is that just below 4° Cent. the _ 
point of greatest density 18. reached, and the surface film sinks. 
If it were possible to observe the process, a continuous rain of 
small masses would be seen detaching itself from the surface 
film and descending towards the bottom: having attained a 
density of 1.000,128 (the density of water at 0? Cent. being 
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taken as 1), these masses are no longer supported by internal 
tensions of the liquid. In time, enough of this heavier water 
will collect on the floor of a pool to move slowly down a slope; 
and, if the slope guides it to the side of an ice mass, its excess 
heat will be wholly expended in melting the ice. Becoming 
lighter, it is displaced upward. Thus a circulation is set up 
whereby excess heat is carried from the surface of a pool to the 
base of the ice-wall, where it becomes energy of state. 

This unique property of ordinary water (called to the atten- 
tion of geologists by W: O. Crosby in 1902) can be readily 
demonstrated inithe laboratory. But to assess its efficacy as an 
agent in undermelting large bodies of the Pleistocene glaciers 
is not easy, because the only basis for an inductive study is 
supplied by the legitimate inferences that may be drawn from: 


.the form of ice-contacts and the structure of the bedding which 


they limit. 

As a class, contacts on deltas and terraces present the 
simplest features. Of the many excavations made in these, two 
only gave any evidence that the glacier-faces had continued to 
melt back after sediments had been banked against them; and 
in each case the mold was in cobblestones. It is inferred that 
gravel, sand, and (especially) rock-flours banked against sub- 
merged ice, effectually insulate it. In general, then, contacts 
represent @ particular stage in the enlargement of an icebound 
basin: the stage at which enlargement happened to be arrested. 
Logically, therefore, there must have been a basin filled with 


meltwater before sediments entered the pool: it is not possible 


to fill a hole until there is a hole to fill. The theory advanced 
by S. A. Andersen (1981) seeks to account for all the topo- 
graphic forms assumed by undisturbed sediments associated 
with stagnant ice, by assuming that subglacial streams (begin- 
ning with esker tunnels) would “escape [through stagnant ice] 
more easily to the ice-border’’; that the out-of-water ice would 
melt down “almost to the water table,” at which time “a ten- 
‘dency to lift occurred in the whole border zone.” (Italics mine.) ` 
No barriers to free run off being postulated, there were, on this 
assumption, no icebound lakes: only “а major water table which 
sloped more or less in the direction of flow,” [a water table 
that|“may be treated as an ordinary water table in sand and 
gravel.” Due to the tendency to lift “there came to be a space 
underneath the stagnant ice filled with rushing and irregularly 
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streaming water.” “Thus there is .'. . no limit for the breadth 
of the tunnels underneath the ice.” (pp. 612-618.) Of several 
valid objections that might be urged against this conception, 
the only one calling for notice in connection with the present 
inquiry, is that it fails to take account of lateral melting. Pari 
passu with lowering оф the ice-surface there is necessarily a - 
‚ melting back of the sides, as a consequence of which basins are 
formed between ice and hill-slopes. During the very. consider- 
able time interval between the first day of stagnation, and 
reduction of the glacier *almost to the water table" these basins 
must be presumed to have increased in size. If we are to have 
а, sediment filled basin as an end product, we must have not only 
a preéxisting basin but also a process competent to enlarge it 
. below the level of standing water. The latter we have endeavored 
г о supply. 
Land topography, varying permeability of different pss of 
the ice and the unequal distribution of encloséd rock débris are 
factors that, locally, control lateral ablation; so that here and 
there, between hill-slope and glacier, basins that hold water will 
. form, as well ag channels that carry it. The great size attained . 
by some of these basins before they were filled by sediments is 
proof of two things: 1, that they existed for a very long time 
‘(since beneath a water plane there is no evaporation, and the 
only excess heat, other than that supplied by the lithosphere, 
comes from the surface of streams and pools) ; and 2, that the 
confining glacier was solid and was held against its basement by 
gravity (since, for so long, it continued to be a танан 
dam).. Clearly, Andersen’s hypothetical picture of “rushing 
and, irregularly streaming water" filling “a space underneath 
the stagnant ice” cannot apply to any stage of ablation earlier 
than the latest, when locally the glacier was “melted down 
almost to the water table” (and then to valley-bottoms only). 
But lateral basins were in. process of development through all 
the preceding stages that followed stagnation. 


' Ice-contacts are seldom as simple and smooth, for any great 
: distance, as the one shown in Plate 2. More often the slope із. 
diversified by mounds and dimples sometimes extending so far 
from the crest that, without exposures, it would be difficult to 
believe that they constitute an extension of the contact. In the 
present survey, undisturbed sediments, molded above by a roof 
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‚Тех Fig. т. Map of the.northern part of the Schodack lateral terrace 
(Woodworth) showing the western ice-contact and its unusual prolongation 
along the edge of the Moordener kill valley. Othér contacts outline the 
sites of residual ice-masses;.and stipple indicates where shallow basins were 
left by the melting out of ice believed to have been afloat. until fixed in 


position by accumulating sediments. 
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of ice, appeared consistently at pits made in such extended con- 
tacts; and slumping, as understood and described by Jamieson, 
would seem to have been confined to those few points where beds 
dipped away from the glacier. 

‘Though only one true subglacial deposit (not connected with 
a terrace contact) was discovered, there can be little doubt that, 
in especially favorable situations, undermelting will result in 
the formation of deep pockets and blind galleries. That the 
most instructive examples of molded sediments which had filled 
such pockets, always occurred where the water had been deep in 
comparison with its depths on either side along the line of con- 
tact, cannot be regarded as fortuitous. Meltwater warmed to 
the temperature of greatest density responds to gravity not only 
by sinking, but also by moving down a slope once it has reached 
the bottom. It might be expected, therefore, that the greatest 
expenditure of excess heat would occur against ice encountered 
' in the deeper parts of a pool. 

A case in point is found near the southwestern corner of the 
Troy (N. Y.) quadrangle where a stream called the Moordener 
Kill cuts across a glacial deposit which Woodworth (1905) 
named the Schodack (kame, delta) lateral terrace (see Text 
Fig. 1). North of the kill there is a fingerlike protrusion of the 
ice-contact nearly a mile in length. The projection, beginning 
at the level of the neighboring glacial plain, declines towards its 
tip; its stratification, now exposed, is continuous with that of 
the terrace and, obviously, it was not built into an open channel- 

‘way or cleft in the glacier, like an accordant-level “spur” or 
“crevasse-filling” (of Salisbury’s original kame-terrace), but 
into a pocket in the face of the ice, and under an ice roof which 
slanted to the southwest. This unusual feature occurs precisely | 
where the general line of contact crosses the bottom of a pre- 
glacial valley. While he was surveying the Champlain and 
Hudson valleys, Woodworth's primary interest was to detect 
.evidences of ancient water-levels, and he found the smooth slope 
at the base of this ice-contact: “suggestive of a water level”; 
its extension along the north rim of the Moordener Kill valley: 
much like a spit. 

(Another blind-tunnel filling descends from the south end of 
a glacial terrace, along the north bank of Patroon’s creek in 
the city of Albany. Competent geologists have expressed the 
belief that this protrusion is an “esker.”’) 
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Within thearea covered by Text Fig. 1, there are, in addition 
to the “spitlike projection,” details of the topography that 
merit attention. . It will be observed that the consequent course 
of (postglacial) Moordener Kill has been “induced” by a series 
of kettle holes. During deposition of the sediments (and for a 
considerable time after the local water table had, dropped), a 
mass of ice lay against higher ground along the eastern (inner) 
margin of the deposit. Other masses persisted from the con- 
fluence of the two branches to the outer edge of the terrace. 
There is nothing to suggest that any of this ice was ever lifted 
off from the basement. There are, however, other shallower 
depressions floored by stratified sand; and, though surface 
indications would admit of their being interpreted as sags due 
to the melting of buried ice, the undisturbed bedding of the 
floor is proof that the contained ice was afloat until held in 
place by accumulating sediments. “Since wasting eventually 
causes a floating ice-block to rise above the warmer bottom 
water, ablation is thereafter confined to the surface exposed 
above water level; and it may be dissipated without leaving any 
trace. But when deposition ceases (or the water-table falls), an 
unmelted remnant of such a block may lie on the sedimentary 
beds, eventually to leave a:patch of till, or a boulder ог two, in 
the hollow that it had occupied. If the ice was clean, no evi- 
dence of its existence would remain except the depression. 

The Schodack terrace was built up in large measure as the 
delta of a (forced drainage) glacial stream discharging through 
the valley of the North Branch; the greater part of the section 
north of Moordener Kill is a plain having an elevation above sea 
level of about 850 feet, and terminating westward at ‘an ice- 
contact. The 840 foot contour shows a notable failure to build 
up to plain level along the line of contact. Here (and in most 
of the other cases studied) failure to develop an even crest is 
associated -with evidences of undermelting; and it is inferred 
that sags in a crest result from the former presence of floating 
sections which had broken off. Fracturing, subparallel to the 
ice-face, followed by detachment of the overhang, would appear 
to be a necessary accompaniment of deep undermelting. Together 
these processes furnish a consistent theory of the enlargement 
of lateral basins. 

Probably every terrace yields a fairly complete record of the 
degree to which the original basin was cleared of ice. 
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= р 
Ridge six miles south of the city of Hudson, М. У. showing а smooth-crested соп- 
tact. View looking south along the edge of a discontinuous terrace (on the left), 


to the building of which a stream co: off the ice at this point contributed. The 
t ground in the middle distance is the floor of a lake. 





A nearer view of the same ridge showing the long gentle slope between the observer 

and the pit which is a continuation of the ice-contact, the sediments having been 

deposi under overhanging ice. Excavation of the coarser gravels has been 

abandoned because the sand лат the slope О by the road is cleaner and 
| etter sort 


From New York State Museum Bulletin No. 331. 
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AGE OF T THE CANADIAN KOOTENAY 
FORMATION. : 


W. A. BELL. 


ABSTRACT. The stratigraphic ranges of the species comprising the flora 
of the Kootenay formation in the Blairmore area of southern Alberta до 
not indicate а Jurassic age. Actually more genera, generally considered to 
be characteristic of the Jurassic, occur in the flora of the Blalrmore and 
equivalent formations than in the flora of the older Kootenay formation. 
The Blairmore flora, which is correlated with & flora in the Kome beds of 
Greenland, and which includes practically all the known species of the 
Kootenay, is marked by the first appearance of dicotyledons, and is inferred 
to be of Aptian age. The close affinity of these two floras strongly sug- 
gests a Barremian or late Neocomlan age for the plant—bearing part of 
the Kooténay formation in its type area. 


INTRODUCTION. 


Г a recent paper by К.Ү. Brown (1946, рр. 240-241) it: 


was proposed to unite a basal part of the Kootenai forma- 
tion of Montana to underlying beds that were correlated with, 
and included in the Morrison formation. In Montana these 
.so-called Morrison beds had provided a few freshwater inver- 


tebrates, scattered fragments of vertebrates, and fruits of 


Chara. The faunal evidence was tentatively accepted аз 
indicative of a Jurassic age both by С. А. Fisher 

(1908, p. 80) and W. R. Calvert (1909, p. 24), who 
worked respectively in the Great Falls and Lewistown coal- 
‘fields. More recently W. A. Cobban (1945, р. 1269) on thé 
‚ evidence of Chara and ostracoda stated that “the age of the 
beds must be Kimmeridgian and possibly younger.” 

The enlargement and redefinition of the Morrison formation 
to include a basal part of the Montana Kootenai can be 
regarded only as a new grouping of beds that may be more in 
accord with lithological sequence or more useful to the field 
geologist. Formations are primarily only beds or groups of 
beds, united on the basis of lithology for geological mapping ог 
other purposes, in which no important time-breaks in sedimenta- 


tion have been detected. Individual formations, therefore, if | 


they represent a sufficient interval of time may contain more 
than one flora or fauna, and may even be in the nature of pas- 
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sage beds from one geological system to another. ‘The Ravens- 
crag formation in southern Saskatchewan, for example, as 
originally defined (Davis, М. B., 1918 p. 11; Fraser, F. J. e£ 
al., 1935, p. 89; Berry, E. W., 1935, pp. 4-7) carries an Upper 
Cxelacéous flora and fauna in its basal part and a Paleocene 
flora in its upper part. Similarly the Blairmore formation in 
southern Alberta carries one flora throughout most of its thick- 
ness, and another flora in its uppermost several hundred feet. 
This palaeontological factor of formations is ignored by some 
geologists who assume that a formation must contain only a 
single flora or fauna, in spite of the truism that many forma- | 
tions transect chronological horizons. 

In a sedimentary sequence of beds comprising a formation 
interruptions of the nature of erosional unconformities may 
occur without destroying the concept of lithological unity, 
defined for that formation, or violating the principle of essen- 
tially continuous deposition. Госа] features of this kind are 
very common in the form of channels at the base of sandstones 
or coarser clastics in non-marine sediments. In the case of 
more widespread erosional unconformities it is ultimately the 
judgment of a palaeontologist that will determine whether the 
break is too important to be included within the limits of a 
single formation. Where the plane of an eroded surface of 
‘major magnitude so nearly parallels the bedding planes as to 
be classifiéd as a disconformity it may commonly escape detec- 
tion by the geologist, and be included within the limits of a 
single formation. However, once its presence has been detected, 
it necessarily destroys the unity of that formation, and it must 
become the boundary between separate formations. Such hid; 
den disconformities are particularly likely to occur at times of 
recession of an inland sea when the strand lines were undoubt- 
edly oscillatory in their movements. Environmental conditions 
at such times were, moreover, probably critical for many kinds 
of both land and sea life, with resultant meagre fossil records, 
so that disconformities might long escape detection. An 
example of a recently discovered disconformity of this kind is 
that recorded by W. A. Cobban (1945, р. 1291) in the Jurassic 
formation of Montana, formerly known as the Ellis, and lying 
between Cobban’s Swift and Rierdon formations. Another 
good illustration of a hidden disconformity in what were orig- 
inally regarded 88 “Passage Beds” from the Kimmeridgian to 
the Aptian is afforded by Jurassic-Cretaceous sequence that 


Age of the Canadian Kootenay Formation. 515 


includes the Speeton Clay of England (Spath L. F. 1924, pp. 
80-81). The disconformity in this instance embraced the 
uppermost Kimmeridgian, the Portlandian, Purbeckian, Infra- 
Valanginian and lowest Valanginian beds. Palaeontology and 
not lithology must be the criterion for the recognition of such 
disconformities. 


STRATIGRAPHIC SETTING OF THE KOOTENAY. 


The Kootenay formation, originally and loosely defined by 
J. W. Dawson (1886, p. 2 )as the “Kootanie series” for strata 
containing a specific flora, was first differentiated on a litho- 
logical basis as a formation by W. W. Leach (1912, pp. 194, 
195). Later its stratigraphic limits were emended by B. Rose 
(1917, pp. 109, 110) who redefined its contact with the over-. 
lying Blairmore formation. The formation, about 750 feet 
thick in the Blairmore area, consists of alternating sandstones, 
shales, and coal seams, the sandstones being grey, commonly 
coarse-grained and cross-bedded, the shales, dark, commonly 
sandy and carbonaceous. 

The overlying Blairmore formation, 2000 feet or more thick, 
has its base generally marked by a conglomerate, 10 to 80 feet 
thick, which is locally present in valleys or channels eroded into 
the Kootenay. The succeeding Blairmore beds according to Rose 
are red, green and a few grey to black, sandy shales, inter- 
bedded with grey sandstones, generally in zones from 1 to 10 
feet thick, although occasionally 50 feet, together with con- 
glomerate at irregular intervals thr oughout апа as lenses i in the 
sandstone. 

J. S. Stewart (1919, р. 28) described the contact of the basal 
conglomerate of the Blairmore with the Kootenay as “conform- 
able and in most places the conglomerate grades into sandstone 
upward and downward, and in the eastern part of the Blairmore 
area, horizontally also. The conglomerate in places is 50 feet 
above the uppermost coal seam of the underlying Kootenay 
formation, and in other places it practically forms the roof 
of the seam.” 

The Kootenay formation in the Blairmore area is underlain 
by the Fernie formation. W. W. Leach (1912, p. 194) placed 
the contact of the Kootenay and Fernie formations on York 
Creek at the base of greenish thin-bedded sandstone, 75 feet 
thick, which was stated to lie conformably upon shales of the 
Fernie. Elsewhere in his report (Op. cit. p. 198), Leach 


516 , . У W. A. Bell. | 
‘stated “The line of demarcation wack these shales and the 
overlying Kootenay formation is not very sharply drawn, but 
may. be assumed to be at the base of the lowest heavy bed of 
sandstone underlying the coal seams.’ Commenting on the 
contact B. Rose (1917, p. 109) wrote “There is a gradual 
.. change from marine shales to subaerial sandstone, and the line 
' of demarcation used is at the base of the first heavy bed of 
sandstone.” Thus Rose cites a measured section at Blairmore, 
in which the base ог «ће Kootenay is a massive grey sandstone, 
100 feet thick. J. S. Stewart (1919, p. 26) also noted the 
uncertain character of the basal. contact, for he states “the 
passage of the one formation (Fernie) to the other'(Kootenay) 
is thought to be transitional in character, and the position of 
the dividing line between them is somewhat indefinite. The 
' base of the Kootenay is usually placed at the horizon where the 
arenaceous beds and sandstones become predominant, and these 
strata consist of a series of thin-bedded sandstones and shales of 
а dark greénish colour, that are rather friable on weathering.” 
In considering the top beds of the Fernie formation F. H. 
McLearn (1916, p. 111) wrote as follows: “The uppermost 
thin-bedded arenaceous member is very characteristic of the 
Fernie . . . It consists of alternating beds of dark shale and 
sandstone in 1 to 2-inch layers. ‘The writer has collected a 
few fish teeth and scales from this zone. The thin bedding 
persists almost to the thick sandstone at the ‘base of the 
Kootenay. Within a few feet of it are sandstone beds, 2 feet 
or more thick, interbedded with thin sandstone and shale. 
There is thus gradation to the basal sandstone, as noted by 
Cairnes and: others, suggesting continuous deposition.” Later 
McLearn (1929, p. 87) referred to these top beds of the Fernie 
аз “passage beds," assigning them a thickness of about 180 feet, 
From them he gathered a depauperate and poorly preserved 
fauna with both marine and non-marine elements. 'The fauna 
includes indeterminate pelecypods at Grassy Mountain, shark 
teeth and fish bones and scales north of the Rocky Mountain 
sanatorium, and fish fin rays, a fish-like tooth, and a caudal ` 
vertebra of an herbivorous dinosaur ? on Castle River." 


KOOTENAY AGE LIMIT SET BY. FERNIE FORMATION. 


The “passage beds” of, McLearn at the top of the Fernie 
formation have not yet furnished fossil evidence indicative. of 
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their age. They are underlain by the “green beds” of McLearn 
(1929, р. 87), about 50 feet thick, which carry & sparse marine 
fauna ‘not diagnostic beyond indicating a probable Jurassic 
age. The latest zone in the Jurassic Fernie formation that: 
could be confidently dated in the Blairmore area was Upper 
Bathonian ог. late Middle Jurassic age. (Spath, Г. F., 1982, 
p. 145.) The Kootenay formation, theréfore, insofar as its 
stratigraphic relations to the Fernie are concerned, in the 
Blairmore area, could be of Upper Jurassic age. On the other 
hand it is quite possible that a hidden disconformity at the 
present base of the Kootenay or at some lower horizon, may 


represent all post-Fernie Jurassic time and an unknown part 
of Cretaceous time. 


KOOTENAY ‘AGE LIMIT AS SET BY BLAIRMORE FORMATION. 


Blairmore Floras. The Blairmore formation, which overlies 
the Kootenay with at least local erosional unconformity, is 
plant-bearing almost throughout. McLearn made collections 
of both plants and invertebrate freshwater shells, carefully 
recording the exact horizons of their occurrence within the 
formation. (See Figure.) The plants were submitted to, and 
reported upon, by E. W. Berry (1929, pp. 81-72). . They were 
found to represent two distinct floras within the Blairmore 
formation, one extending nearly throughout the formation to 
about 300 feet from its top, the other confined to this latter 
interval. 

The plant-bearing beds with the lower flora begin about 200 
' feet above the base of the Blairmore formation, and extend 
upward 1870 feet or 480 feet from the top. This lower flora 
was considered by Berry to be Late Aptian and Albian (Berry, 
Е. W., 1929, р. 83). The same flora occurs farther north in 
Alberta in the Luscar and Gething formations. Collections’ 
from these formations have greatly enlarged our knowledge of 
the flora ‘since Berry’s analysis of it, and this, together with 
revision of Berry’s identifications, has permitted a new evalu- 
ation of the evidence. In the writer’s opinion the flora is 
wholly Aptian, while the succeeding flora, present only in the 
uppermost 800 feet of the formation, represents early Albian, 
and, not as Berry considered, Cenomanian time. Evidence for 
this view will now be considered. | 

The lower flora present in the Blairmore formation (B) 


\ 
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&nd in the equivalent Luscar (L) and Gething (G) formations, 
as at present known, comprises the following species: 


Selaginellites n. sp. 
Equisetum lyelli Mantell (including forma burchardti 
Schenk, non Dunker). 

B Sphenopteris (Onychiopsis ?) latiloba Fontaine. 
Sphenopteris n. sp. 

B Sphenopteris (Onychiopsis ?) n. sp. 

B, Sphenopteris (Coniopteris ?) n. sp. 
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Onychiopsis psilotoides (Stokes and Webb). 

Ruffordia goepperti (Dunker) Seward. 

Acrostichopteris n. sp. | 

(very rare) Coniopteris heterophylla (Fontaine) п. comb. 

Coniopteris brevifolia (Fontaine) n. comb. 

Coniopteris п. sp. 1. 

Coniopteris n. sp. 2. 

Coniopteris berryi nom. nov. for C. pachyphylla pars 
Berry (non Fontaine) Nat. Mus. Can. Bull. 58, pL 7, 
figs. 8, 4 (non figs. 1, 2) (1929). 

Cladophlebis virginiensis Fontaine emend. Berry. 

Cladophlebis parva Fontaine. 

Cladophlebis oerstedi (Heer) Seward. 

Cladophlebis (Klukia) browniana (Dunker) Seward (in- 
cludes C. dunkeri). 

' Gleichenites. gieseckiana (Heer) emend. Seward. 
Gleichenites nordenskioldi (Heer) emend. Seward. 
Gleichenites ? n. sp. | 
Sagenopteris elliptica Fontaine. 

Sagenopteris mclearni Berry. 

Sagenopteris n. sp. M 

Ptilophyllum arcticum (Goeppert) Seward. 

Ptilophyllum speciosum (Heer). 

Ptilophyllum dunkerianum (Goeppert). 

Pterophyllum concinnum Heer. 

Pterophyllum n. sp. 

Zamites sp. 

Pseudocycas п. sp. 

Nilssonia johnstrupi Heer. 

(rare) Ctenis borealis (Dawson). 

Ctenopsis insignis Fontaine, omend. Berry. 

Ginkgoites lindlegana (Schimper). 

Ginkgoites pluripartita (Schimper). 

5 Ginkgoites browniana (Dunker). 

Phoenicopsis arctica (Heer). 
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Phoenicopsis angustifolia Heer. 

Podosamites lanceolatus (Lindley and Hutton). — 
Nagetopsis sp. cf. samicides Fontaine. 

Elatides curvifolia (Dunker). ‘ 

Elatides. dicksoniana (Heer) п. comb. 
Athrotasites ungeri Halle. 

Elatocladus (Sequoia ?) smittiana (Heer). 
Elatocladus (Sequoia ?) rigida (Heer, pars) Seward. 
Pityophyllum nordenskioldi (Heer) n. comb. 
Pityophyllum sp. cf. longifolium Nathorst. 
Sapindopsis variabilis Fontaine. 

С Carpolithus (Nyssa >) n. sp. 
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The above list comprises 49 species, of which 12 are new, as 
compared with 28 species listed by Berry. The flora may be 
compared with other Lower Cretaceous floras e.g. (1) the 
Wealden of England, (2) Kome of Greenland, (8) Potomac of 
eastern United States. 


Wealden elements. There are very few species in this earlier 
Blairmore flora that occur in the Wealden of England. They 
comprise only Equisetum lyelli, Ongchiopsis psüotoides, Ruf- 
fordia goepperti, Cladophlebis brownéana, Ptilophyl’um dun- 
kerianum and Elatides curvifolia. In addition Ctenis borealis 
may be represented in the Wealden by Ctenis sp. Seward 
. (1918, р. 101), while Pseudocgcas n. sp. is probably closely 
allied to P. saportae (Seward). Except for Onychiopsis 
psilotoides and Equisetum lyellé and Ctenis borealis this 
Wealden element of the Blairmore has not yet been found in 
the underlying flora of the Kootenay formation. Apparently 
an unknown part of the English Wealden may be of Lower 
Aptian age, for the highest beds of the Wealden shale have in - 
places a brackish water fauna (J. Е. Kirkaldy, 1939, р. 4113. 
and the overlying marine Atherfield clay is late Lower Aptian. 
The described Wealden flora of England, however, came mostly 
from the Hastings beds or lower Wealden. These latter rest 
on Purbeck beds of Jurassic age although “a notable and sud- 
den lithological change again being present” (Boswell, P. G. H., 
1929, р. 888). Nevertheless the palaeontological break 
between the Wealden and Purbeck is generally considered to 
be slight (Ibid, p. 888). So, if the Wealden flora of England. 
were actually earlier than Aptian, and if the age of the lower 
flora in the Blairmore were judged solely on the basis of its 
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Wealden element; it’ might be "m a EM age. 
' opposition to this is the presence in the lower Blairmore 1 
of the dicotyledon, Sapindopsis variabilis, and of the pres 
in an upper part of ‘the formation without any signs of ir 
vening depositional break, of а flora consisting dominantl 
angiosperms. This latter flora the writer considers to indi 
‘an Albian age, for he agrees with Berry that it is to be cc 
lated with the flora of the Cheyenne sandstone of Ka: 
(Berry, E. W., 1929, pp. 56, 57). In England dicotyle 
made an analogous first recorded appearance in very late Li 
Aptian or in early Upper Aptian age in deposits ‘of the Li 
. Greensand. A.second important newcomer in the lower i 
of the Blairmore is Elatocladus (Sequoia ?) smátti 
Although no cones of Sequota have been found associated 
the foliage, А. С. Seward (1927, р. 108) has noted Flo 
opinion on the basis of cuticular characters that this sp: 
is more nearly related to Sequoia than to any other genus. 
may be significant that petrified remains of Sequota are pre 
in the Lower Greensand, although the genus, or a closely a 
one, apparently appeared.as early as the Portlandian of Fre 
‘In sunimation, the testimony of the Wealden elements in 
` lower flora of the Blairmore is inconclusive, partly bec 
_ these elements are very few, and partly because the age li 
of the Wealden itself is doubtful. On the other hand the 
presence of dicotyledons, and the presence of a prob 
Sequoia alles the flora to that of known Aptian deposit 
‘England. ^ . 


Коте elements. Many of the more characteristic specie 
the lower Йога, of the Blairmore formation are present in 
‚ Коше beds of western Greenland. Chief of these are: Sphe 
teris psilotoides, Cladophlebis oerstedi, Gleichenites giesecki 
Gleichenttes nordenskioldi, Pterophyllum concinnum, РїЙо] 
lum arcticum, Ptilophyllum speciosum, Nilssonia johnst: 
Ginkgoites pluripartita, Ginkgoites lindleyan, Phoenicc 
arctica, Elatocladus (Sequoia?) smittiana and Elatides с 
soniana. Some of these species are considered sufficiently c 
nostic unequivocally to correlate this flora with that of 
^ Kome. Unfortunately there is no reliable information on 
range of these. species within the Kome deposits or on the 
cise age or ages represented by the Kome. Heer himself 
„ related the Kome series as Urgonian (Barremian), but 
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| significant that a dicotyledón, “Populus primaeva? Was &880- 
ciated with the typical Kome flora. At Kook (Kome) C. Schu- 
chert and D. White: (1898, -p. 847) found an additional 

'dicotyledon, viz. Laurus ? sp. associated with Kome species, 
and expressed doubt om the reference of ће Коте to as low 
an age аз Urgonian. (op. cit. pp. 847, 866). The Atane 
flora succeeding that óf the Kome has been considered gen- 
erally to be of Cenomanian age. To the writer Schuchert and 
White’s floral list from their. locality C on Pagtorfik (op. cit. 
р. 853), derived from beds apparently low down in the Atane 
series, seems rather to indicate an Albian age. At any nate 
the composition of the two successive floras of the Blairmore 
formation is closely paralleled by that of the Kome and suc- 
ceeding early Atane floras. Since Sapindopsts variabilis makes - 
its first appearance in the lower flora of the Blairmore, and 
ranges upward’ into the succeeding Albian flora, the age of 
the former like that of the Kome is believed to be younger than 
‘Urgonian (Barremian) and to be more probably Aptian. | 
Potomac elements. The revision of the lower flora of the Blair- 
more formation reveals that there are few species held in com- 
mon with the Potomac group. These are: Sphenopteris (Ony- 
chiopsts ?) latiloba, Onychiopsis psilotoides, Coniopteris brevi- 
folia, Cladophlebis virginiensis Cladophlebis parva, Cladophle- 
bis browntana, Sagenopteris elliptica, Ctenopsis insignis, Podo- 
zamiies lanceolatus and Sapindopsis variabilis. In addition, 
Sphenopteris (Onychiopsis ?) n. sp. is seemingly closely allied 
to T'himnfeldia marylandica Fontaine, Acrostichopterts n. sp. 
to Baieropsis foliosa Fontaine, and Nageiopsis cf. №. zamioides 
to N. zamioides Fontaine. On the basis of these few species 
alone no satisfactory correlation of the lower part of the Blair- 
more in terms of the Potomac may be made. Yet the flora 
of the upper part of the Blairmore which carries Menispermites 
potomacensis, Celastrophyllum acutidens 7, Sapindopsis vari- 
ab9is, and Araliaephyllum, may with some confidencé be cor- 
related with that of the Patapsco formation. 'The appearance 
of dicotyledons in the earlier Blairmore flora certainly seems 
to link this closer to that of the Patapsco than to that of the 
earlier Patuxent-Arundel flova, and indicates that its chron- 
ological position may be represented by the hiatus that has 
been placed between the lower Potomac and Patapsco formation. 
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Conclusion. The lower flora of the Blairmore formation has 
_ closer affinities with the Kome flora than of any other described 
‘flora of Lower Cretaceous age. The flora is most probably 
Aptian in age because: (1) within it is the first appearance. of 
unquestionable dicotyledons, of which one species at least, 
’ Sapindopsts. variabilis ranges upward into the Albian flora of 
the upper part of the Blairmore formation; (2) there is no 
_ discernible break in sedimentation or lithology within the two 
hundred foot interval separating the two Blairmore floras; 
' (8) common first appearance of Sequoia or of a closely allied 
`` genus in the flora; (4) the mixed flora of cycadeoids and angi- 
‘osperms has an analogy in the petrified flora of the Lower 
Greensand (Aptian) of England. In support of an Aptian 
‘age is the affinity existing between the lower Blairmore flora 
and an Aptian flora from the Lago San Martin area, Pata- 
gonia, described by T. G. Halle (1913). The species common 
to the two floras are Ruffordia goepperti, Sphenopteris psilo- 
toides, and Athrotazites ungeri. The last mentioned is of most 
significance since its identification is based on fertile as well as 
‚ upon sterile remains. Other elements in the Patagonian flora. 
closely allied to some in the Blairmore flora are Cladophlebis cf. 
"browniana, and Sphenopteris cf. naktongensis Yabe (perhaps 
cón-specific with Sphenopteris latiloba). Moreover, fragments 
doubtfully referred to dicotyledons are present. The Aptian 
` age of the Patagonian flora is in accord with ammonite evidence 
from associated beds, some, of which apparently underlie the 
plant-bearing deposits. 
Since the upper age limit of the Kootenay flora as set by 
`~ the earliest Blairmore flora is probably Aptian, and since the 
lower age limit as set by the marine Fernie formation is early 
Upper Jurassic, either a late Jurassic or Neocomian-Barremian . 
age for the Kootenay is possible. Which of these is the more 
probable must be decided. from the evidence of the Kootenay 
‚ flora itself. 


THE KOOTENAY FLORA. 


‚ А revision of the Kootenay flora present in the Blairmore: 
area reduces the known species to fifteen. АП but three of 
these were collected from beds lying within the upper half of 
the formation. The first and most notable feature of the flora 
18 its almost entire lack of individuality, for of the 15 species 
present in the Kootenay only 8 are confined to that formation. 
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The remainder (see Figure) are all present in the -younger 

Blairmore or equivalent Luscar and Gething formations. This 
` range of species certainly does not suggest the presence of any 

time-break in sedimentation sufficient to embrace all Neocomian- 
Barremian time. On the contrary a late Neocomian (Infra 

Valenginian to Hauterivian inclusively) or early Barremian 

age for the upper part of the Kootenay in its type area is more 
` probable. 

The three species that are so far as known confined фо. the 
Kootenay are: Sphenopteris (Adiantum ?) montanense, Nils- 
sonia schawmburgensis and Czekanowskia dichotoma. The first 
of these is a form-genus by no means well characterised specif- 
ically. Similar forms are represented by Adtantum formosum. 
Heer (name preoccupied) from the Komé of Greenland, and by 
Adtantum expansum from Albian beds of Portugal. Hence the 
Kootenay species does not suggest a Jurassic age. Nilssonia 
schawmburgensis. shows transitions from typical narrow forms 
of the species to forms approaching Nissomia californica 
Fontaine, which are more common in Jurassic floras, but also 
present in formations of Alberta younger than the Kootenay. 
The typical forms of the species are characteristic of the 
Wealden and other Lower Cretaceous deposits. Czekanowskia 
dichotoma ig about the only species present in the Kootenay 
that strongly suggests a Jurassic age. Even the genus is 
essentially Jurassic, and Czekanowskia dichotoma is apparently 
closely allied to, if not actually conspecific with the Jurassic 
Czekanowskia rigida. Yet the presence of Czekanowskia 
dichotoma in the Kome of Greenland, in deposits inferred by 
the writer to be^younger than the Kootenay, was reported by 
Heer and confirmed by White and Schuchert. Another Juras- 
sic "holdover,' Podozamites lanceolatus, occurring in the 
Kootenay, ranges upward into the Blairmore formations and 
its equivalents. Ctenis albertensis Warren (=Ctenis borealis 
Dawson), claimed by Warren (Warren, P. S. 1927) to indicate 
a possible Jurassic age, occurs also, although rarely, in the 
Luscar formation. Indeed it is a surprising fact that the 
younger, presumably Aptian flora: of the Blairmore, Luscar 
and Gething formations contains more of the characteristically 
Jurassic genera, e. g. Sagenopteris, Zamites, Nilssonia of the 
orientalis group, Phoenicopsis, and Elatides, than does the 
older flora of the Kootenay. "This younger flora is almost as 
well differentiated from the Kootenay flora by the very pres- 
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ence of these “Jurassic: elements” as by} the entrance of new spe- ` 


cies. It is meaningless; therefore, to: ‘speak of “the Jurassic 
aspect” of the Kootenay flora in exclusion of the Blairmore 
Нога. | 

Та апу chronological evaluatión of a flora it is the entrance 
of new species that has significance. The flora of the 
Kootenay has во far provided too few species to permit dog 
matic judgment as to its age, but the writer considers that the 


are likewise present in the younger flora of the Blairmore or 


- equivalent formations, again lends strong support to a Creta- 


ceous age. Whether the age of the Kootenay is Neocomian or 


Barremian or some part of both cannot as yet be satisfactorily’ 
determined by an analysis of the flora. In the Blairmore area - 
the erosional unconformity at the base of the Blairmore forma- 


. tion is crossed by the ranges of a sufficient number of species 


to lead the writer to infer that the time-break, in that area at 


entrance within it of Coniopteris heterophylla, Onychiopsis | 
psilotoides, Piilophyllwm arcticum, and Ptilophyllwm. speciosum ` 

- weighs heavily in favour of a Lower Cretaceous age. The fur- 
ther fact that nearly all the species present in the Kootenay . 


least, is only minor, and that the upper part of the Kootenay is. 


there more probably Barremian or late Neocomian than Early- 


"Neocomian (Infra Valanginian-Valanginian). E 


Beyond the Blairmore area little is known about the location 
of plant-bearing horizons within the Kootenay or in equivalent 
formations. A topmost part of the Nikanassin formation has 
supplied in places a few plants that are believed to indicate an 


‘age equivalent to an upper part of the Kootenay. Thus, from 
` one locality in the Brule coalfield, 65 feet below the Cadomin 
conglomerate, a few plants were collected by В. В. McKay of . 
`+ the Geological Survey, Canada. They include Equisetites 
lyelli forma burchardti, Onychiopsis psilotoides, Coniopteris 

п. ep. 1, and Czekanowskia dichotonia. But from another 


locality, on North Hay River, the Nikanassin furnished Nils- 
sonia nigracollensis and Laccopteris n. sp. Whether these two 
species indicate an earlier Lower Cretaceous or even.an Upper 
‘Jurassic age for а lower part of the Nikanassin formation cán- 
not be judged until more: plant collections from accurately 
located horizons are forthcoming. 

The plants from the Kootenai of Montana, to judge from 


` published accounts, have added little to our knowledge of the 
flora o the Canadian Kootenay. From the time Canadian 
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geologists clearly differentiated the Blairmore and Kootenay 
formations (McLearn, Е. H. 1916, 1929; Rose, B. 1917; 
Berry, E. W. 1929) it was evident that the Kootenai of Mon- 
tana embraced parts of both the Kootenay and Blairmore for- 
“mations of Alberta. ОҒ the floral lists from five horizons in 
the lower Kootenai presented by Fisher (Fisher, C. A. 1908, 
рр. 88, 84) the two stratigraphically lowest could confidently 
be considered as the age of the Canadian Kootenay, while the 
remaining florules from 150 feet and more above the base of the’ 
formation could be assigned to the early flora of the Blair- 
more. The florule described by Newberry (1891, pp. 191-201) 
seemed to belong to the early Blairmore flora, whereas that 
-described by Fontaine (in Ward, L. F. 1905, pp. 284-315) 
was apparently Kootenay. R. W. Brown (1946, pp. 241-244) 
has recently discussed the Kootenay species present in the База] 
part of the Montana Kootenai. It may be hoped that we will 
eventually be given the range of the species comprising the two : 
or more floras in the Kootenai group of Montana. 
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Prysics AND CHEMISTRY. 


The A Priori in Physical Theory; by Anvaur Pap. 112 pages. 
New York. 1946 (King’s Crown Press, $2.00).—Most of the mod- 
ern philosophy of physical science is concerned with the nature and 
sources of concepts and principles (laws). Ever since he pro- 
posed them in the eighteenth century, Kant’s constitutive elements 
of experience have been the basis of much of the epistemology of 
philosophical scientists. The most troublesome element to modern 
physicists has, historically, been Kant's acceptance of synthetic a 
priori truths as the basis of “natural” science, as for example, the 
axioms of Euclidean geometry (which Kant considered as “nat- 
ural’). Interpretations of this have been proposed by Poincare, 
Lenzen, and others among scientists, and by Cassirer among philoso- 
phers; under the guidance of these men, Doctor Pap has considered 
the rôle of the a priori in physical theory. Based to a great extent 
on Poincare’s conventionalism and Lenzen's idea of successive re- 
definition, Бе has developed а functional interpretation: ". . . we 
accept Kant's doctrine of ‘synthetic a priori’ principles only insofar 
as ‘synthetic a priori’ is predicated of regulative principles of 
science, not insofar as it is predicated of ultimate and unchanging 
constitutive conditions of experience (which) are rooted in the very 
nature of human understanding and intuition.” For him, a propo- 
sition is a priori only in a context; what is a posteriori in one 
situation may become a priori in another. By “constitutive @е- 
- ments,” Pap would understand definitions and principles which have 
been transformed from induced generalizations; indeed that which 
is known as scientific truth develops from the initial status of syn- 
thetic empirical conclusions фо that of analytic necessity, in terms 
of which further investigation is defined. In this genetic process, 
“the scientist's. ways of conceiving his entities undergo, under the 
pressure of discovery, a constant change.” 

The reactions of avowed Kantians to this dynamic "functional" 
application of the synthetic а priori will probably not differ greatly 
from their reactions to the original conventionalism of Poincare. 
The book represents Pap’s Ph.D. dissertation at Columbia Univer- 
sity. -It should be of interest to scientists concerned with physical 
methodology. ROBERT 8. COHEN. 


Surface Active Agents; by М. Г. Anson, В. В. Аскгих, Е. К. 
Fiscuer, D. М. Gans, M. H. Hassranrs, В. D. Нотснківе, D. 
Price, А. W. RarsroN, І. БНЕРТОУВКУ, and E. I. Vargo, Volume 
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XLVI, Article 6, pp. 847-580, Annals of The New York Academy 
of Sciences, New York, 1946 (The New York Academy of Sciences, 
.$2.25)—This monograph contains a series, of papers which were 
presented at а conference on surface active agents held by-the Sec- 
tion of Physics and Chemistry of The New York Academy of 
* Sciences in January 1945. The scope of the monograph may be 
' judged from а brief description of each paper. Introduction 
(Anson); “The structure and properties of solutions of colloidal 
electrolytes" (Ralston) deals chiefly with the soaps; “Surface 
active agents at interfaces” (Fischer & Gans) reviews the proper- 
ties measured at varidus interfaces by a number of experimental 
methods, the factors which affect the validity of such measurements, 
* and the industrial processes and products which may be understood 
in the light of these quantitative measurements; “Certain aspects of 


the chemistry of surface active agents” (Price) attempts to corre- . TN 


late constitution with performance of surface active agents; © 
“Properties involving surface activity of solutions of paraffin chain 
salts" (Shedlovsky) is a discussion of careful experimental work 
on the properties exhibited by a series of very pure substances. 
"when subjected to tests for surface activity; “Surface active agents 
in biology and medicine" (Valko) reviews the combination of sur- 
face active ions with proteins, the denaturation, precipitation and 
dissolving of proteins by surface active ions, and the action on 
enzymes, viruses, and bacteria; “The nature of the bactericidal 
action of surface active agents" (Hotchkiss) is described by Из. 
title; “Surface active compounds in flotetion ore dressing” (Has- 
sialis) discusses collecting, frothing and attachment agents and 
other related aspects. of flotation; “The industrial use of surface 
active agents” (Ackley) discusses some of the problems of predigt: 
ing and evaluating surface active agents. 

The papers are well written and thoroughly documented. Almost 
every paper is followed by some discussion. There are many illus- 
trations. This monograph seems to the Reviewer to be an import- 

„ant addition to the literature on surface active agents. | 
HAROLD б. CASSIDY. 


Organic Reagents for Organic Analysis; by Starr or Hopxiws 
AND Уплламв Resmarncu LasonaTony. Рр. 175. Brooklyn 1946 
(Chemical Publishing Co., Inc., $8.75).—In this book, the scope of 
which as stated in the Preface is "the use of organic reagents in 
‚ preparing derivatives of organic substances for purposes of identif- 

ication by melting points," the authors, W. C. Johnson, R. J. 
Shennan, ‘and В. A. Reed, have done a very useful piece of work. 
Apart from the fact that the Authors bring together in one place 
, information which otherwise would have to be sought out, through 
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many sources, and so for this alone earn our thanks, they have 
done a more useful thing: they Вахе at the same time sorted and -, 


` eriticized: $ 3 ' 


The book is divided into five sections. The first is Chemical 
Growps and Their Derivatives. Here the types of compounds to be 
identified are listed alphabetically, and under each type (say alde-. 
hydes and ketones, as an extreme example) there are listed "Selected 
Reagents” (10 in this case) and “Other Reagents” (some 58). 
The selected reagents are discussed briefly. Their choice is based 
upon practical considerations: accessibility of the reagent (reason- 
able price); stability of reagent; simplicity, convenience and speed 
with which derivatives can be prepared; that the melting point of 
the derivative falls within a convenient range; that the derivatives 
allow differentiation of closely related compounds; that at least to 


_some extent the reagent has been tested with a large number of com- 


pounds of the given type; that the derivative provides a reactive , 
group which may then be titrated for additional characterization. 
The other reagents are listed, often with some explanation of why 
they are not selected, and in each case with literature references. 
For example, under Alkaloids, "the Other Reagent" is picrolonic 
acid, which is not a selected reagent because "The picrolonates of 
the alkaloids are unsatisfactory derivatives, since their melting 
points lie very close together and melting is accompanied by decom- 
position" (p. 18). Many examples could be given of the valuable 
critical information which is contained in this section. 

In the second section, on Selected Reagents, each reagent is 
described, the compounds for which it.is a reagent are listed, and 
the method of its изе is described. Here also critical comments of 
a most useful nature are made. Equations for the reactions which | 
lead to derivatives are given. The third section is composed of 
Melting Point Tables. These are arranged alphabetically through- 
out, and each table has one or more columns headed by the names 
of the reagents used to' give the derivatives the melting points of 
which are listed. Thus Amides has one column, the only deriva- 


' tives listed being prepared with xanthydrol, while Phenols has 18 


columns. А good feature of this section is that melting points which 
have been confirmed in the laboratories of Hopkins and Williams are 
printed in heavy type, and tliosé which are for new compounds, or 
which are somewhat different from those given in the literature but 
which have been obtained on substances of known purity are printed 


. im itàlics.. The fourth section is an alphabetical summary of the 


selected reagents. The fifth is a General Index which covers the 
reagents and types of compounds, but not derivatives. р 

This book will be found very useful by all organic chemists who 
have ‘to characterize compounds. It will be a handy reference for 
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courses in qualitative organic analysis. It would be useful also 
in the case of quarititative organic analysis, since where these 
reagents have quantitative applications, these have been pointed out. 
The book 18 well put. Meter and presents a pleasing appearance. 
HAROLD G. CASSIDY. 


' Photosynthesis and Related Processes. Volume I. Chemistry 
of Photosynthesis, Chemosynthesis and Related Processes in Vitro 
and in Vivo. Есакме I. Rasrnovircu, Research Associate, Solar 
Energy Conversion Research Project. Massachusetts Institute of 
Technology. Pp. xiv, 614; 68 figs. New York, 1945 (Interscience 
Pub., Inc., $8.50).—T'wenty years have passed since the publication 
of Spoehr’s well-known monograph on Photosynthesis. During. 
these years a bewildering number of papers have appeared in an 

` equally bewildering number of different journals which bear upon 
this most important of all biochemical reactions.- Biologists, chem- 
ists and physicists owe a great debt of gratitude to Doctor Rabino- 
vitch for having furnished them with this impatiently awaited, com- 
petent and critical handbook to guide them through the veritable 
jungle of information on this important subject. Students, teachers 
and investigators who are genuinely interested in the fascinating 
‚ problem of photosynthesis will find this admirable book indispensa- 
ble. , It not only presents in a lucid manner the present status of 
the problem and the thoughts which have led up to it, but also 
abounds in ideas which should stimulate further research. 

The present volume is the first of a series of two to be devoted . 
exclusively to the problem of photosynthesis and related subjects. 
It is subdivided into two significant parts: I, The Chemistry of 
Photosynthesis, and Related Processes (815 PP; D and II, The Struc- 
ture and Chemistry of the Photosynthetic Apparatus (820 pp.). A 
second volume, dealing principally with the physical and physico- 
chemical aspects of the problem, such as the spectroscopy and 
fluorescence of pigments, and the kinetics of photosynthesis is to be 
published in the near future. 

The introduction to the present volume comprises two chapters 
dealing with the rôle of photosynthesis in nature and the: discovery 
of the phenomenon. The latter chapter may well serve a3 a model 
for am intelligent review of scientific historical background on a 
minimum number of pages. The first principal part of the book 
begins with chapters on the over-all reaction and the products of 

~ photosynthesis and on photosynthesis and related processes outside 
the living cell. They are followed by chapters dealing with the 
photosynthesis and chemosynthesis of bacteria and the metabolism 
.of anaerobically adopted algae. The next chapter presents an 
intelligent critical discussion of the present coricepts of the primary 
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_ photochemical process. The remainder of the first part is taken up 
by four chapters on nonphotochemical reactions, such as the fixation 
of carbon dioxide and the liberation of oxygen, and two chapters 
on the inhibition and stimulation of photosynthesis by various physi- 
_ са] and chemical agents. The six chapters of the second part of the 
present volume are devoted entirely to a discussion of the cliloro- 
and chromoplasts, the pigment systems, chlorophyll and accessory 
Pigments, and their photochemistry im vivo and in vitro. The 
author has wisely refrained from discussing the complex organic 
chemistry of the various pigments beyond their relationship to the 
mechanism of photosynthesis. To the end of each chapter has been 
attached a carefully selected bibliography of pertinent articles, 
arranged in chronological order. . WERNER BERGMANN. 


Encyclopedia of Chemical Reactions, Vol. I. Compiled and 
Edited by С. А. Јасоввох. New York, 1946 (Reinhold Publishing · 
Corp., $10.00).—The first volume of the Encyclopedia of Chemi-: 
cal Reactions contains the reactions of aluminum, antimony, arsenic, 
barium, beryllium, bismuth, boron, and bromine. The reactions are 
arranged alphabetically first according to the formulas of the react- . 
ants and then according to the reagents. Each entry is given a 
serial number indicating the volume number and the position of the 
entry in the volume. А brief statement of the conditions of the 
reaction is followed by one or more equations. The abstract is com- 
pleted by the inclusion of a reference to the original publication. 
and an occasional second reference. The abstractor can be identi- 
fied by а number below the serial number of each reaction referring 
to а list of the names and addresses of the abstractors given at the 
end of the book. | 

Altogether, there are three thousand and seventy-three reactions 
contained in this first volume of the series. These are classified 
according to the reagents in one index and according to the products 
in a second index which in turn is divided into one'section of names 
and another of formulas. | И 

Considering the magnitude of the task, the book is remarkebly 
free from typographical errors. One such error is to be noted in 
entry 287 where AICI,+ is written as АК]. + and another in entry 
1115 where AsBr, is written as AgBr,. 

The encyclopedia should prove to be valuable indeed to anyone 
concerned with reactions of inorganic compounds. It is hoped that 
ithe remaining volumes ‘will be equally well done. H. М. CLARK. 


Fluorochemisiry; by Jack De Ment. Рр. xvii, 796; 80 figs., 
Brooklyn, М. Y., 1945. (The Chemical Pub. Co., $14.50).—In 
"Fluorochemistry," the author attempts to give an orderly presenta- 
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- tion of the theory. and applications of luminescence. As’ a result, 

the book contains a comprehensive treatment of the work of numer- 

ous investigators plus a considerable amount of the author's work. 

' ^. In fact, the author is not very subtle about finding innumerable 

ways of mentioning his own work. Moreover, little, if anything, is 

added to the understanding of the phenomena of luminescence by 

` shielding Stokes's law between DeMent’s so-called first law and 
‘third law of fluorescence. 

The book is divided into five parts. Part I, "Blucsoclsmisiy in 
Theory,” deals with the physical and physicochemical aspects of 
luminescence. Part II, “Homogeneous | Luminescent Systems,” 
covers organic substances and dyestuffs. ` Part III, “Heterogeneous 
Luminescent Systems,” is a general treatment of phosphors includ- 
ing directions for the preparation of synthetic phosphors. Part IV, 

' “Ultraluminescence and Infraluminescence,” is concerned mainly 

with substances which emit ultraviolet and infrared radiation. 
‘Part V, "Fluorochemistry and Fluorobiology," relates luminescence 
‚ to biological studies. \ А 

There are several useful tables of properties of luminescent sub- 
stances in the book. One such table contains a list of two thousand 
eight hundred and ninety-six organic compounds with individual 
rotations about excitation conditions, nature of ghe luminescence pro- 
duced, solvent, and literature references. 

A table of nomenclature of fluorochemistry and a bibliography 
are included in the appendices. Extensive references are given at 
the end of each of the five parts of the book. 

Some of the illustrations are rather crudely drawn and although 
the sections dealing with the theoretical aspects of luminescence 
T cover a wide variety of topics, they are rather qualitative in nature. 

| The active worker in the field of luminescence should find that 
‚ the tables and literature survey make “Fluorochemistry” a useful 
book. | H. M. CLARE. 


Physical напета for Premedical Students; by Јонм Paon 
Амврем. International Chemical Series. Рр. ix, 298; 54 figs. 
New York, 1946 (McGraw-Hill Book Co., Inc., $8.50).—This book 
is designed for the general premedical student, not the one who 
intends to do research in biological fields, but the run-of-the-mill 
student who apparently has time for only one semester of physical 
chemistry and whose mathematical training is, limited to elementary . 
algebra with perhaps a smattering of calculus. Such a short course 
requires that only "those phases of the subject that appear to be of 
value to the general medical student" be included. Teachers will 
welcome the worthwhile features of this book: the large number of 
lecture demonstrations which are described in the text, the note- 
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— list of nation pictures and film ‘strips‘in an üppendig, and 
the numerous illustrations drawn from biology or medicine. The 
importance of being able to solve problems i is recognized, and а good 
many problems have been worked out in thé text. But the attempt 
“to devise problems that are not merely mathematical exercises but 


involve some reasoning on the part of the student" has not been ' 


particularly successful, especially in the first few chapters. 
The principal objections to the book stem from its point of view, 
one more frequently encountered in elementary than in physical 


.chemistry. (Аз а matter of fact, chapters such as those on Gases 


and, Chemical Equilibrium go no more deeply than the discussions 
in a good, modern general chemistry textbook.) It is common in 
teaching elementary chemistry to encourage the use of mental 
pictures. This valuable method——used frequently by the reviewer 
himself—brings home to.a beginning student the implications of 
theories. But the teacher must beware, for this approach conceals 
a pitfall: the mental picture may be so grossly oversimplified that 
the student will draw erroneous conclusions from it. Unfortunately, 
this pitfall is not altogether avoided by the author. For example, 
in his discussion of deviations from Boyle’s law the author asserts 
(p. 26) that as the pressure on a gas is increased “eventually a 
point is reached where the molecules cannot be brought closer 
together. At this point, V remains constant as p increases, and pV> 
NRT.” Or most students will undoubtedly conclude from simple 


interpretation of Raoult’s law on pp. 75-7 that only non-volatile . 


solutes lower the vapor pressure of the solvent and that Raoult's law 
holds even in concentrated solutions. 
One may question whether frequent over-simplification will really 
“enable the student to read, understand, and apply much of the 
work that is being reported in the current literature and to have a 


‘better comprehengion of the reactions taking place in the human 


body.” The reviewer suggests that the necessary perspective would 
be supplied by acquainting the student with the methods of thermo- 
dynamics. Some will doubtless object that there is no time for 
such a difficult approach. Is not time better spent on fundamentals? 
Indeed, the reviewer feels that a more basic approach would save 


‚ time. The tortuous derivations and devious arguments of, for exam- 


А 


ple, the discussion of the hydrogen electrode can be avoided by use 
of thermodynamics. 

Apart from this objection to the basic point of view, attention 
should be called to a considerable number of ambiguous and incor- 


, rect statements. Space permits but one example: the discussion of 


the hydrolysis of ammonium cyanide rests upon the unfounded 


assumption that the ammonium and cyanide ions hydrolyze to the 


E 
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` ваше extent. Such errors detract from - ‘the value ot а one which 
already suffers from an over-simplified approach. E. J. KING. 


Introductory College Chemistry; by Harry М. Howxs. Pp. viii, 
590; 168 figs. New York, 1946 (The Macmillan Company, $8.75). 
—This new edition of a. popular textbook preserves the essential 
features of the third, edition (Amer. Jour. Scr, 338, 69 (1940)) 
with some improvements. It is designed more specifically for the . 
student without previous preparation in chemistry. The long chap- 
ters of the other edition on oxygen, states of matter, and solutions 
. have each been divided in two and a new chapter covering oxides of 

. nitrogen and nitric acid replaces two chapters of the previous book. 
Although rewriting has not been extensive, there has been consider- 
able interpolation of new material, particularly topics of current 
interest. The chapters on organic chemistry, which formerly came , 
after the discussion of the phosphorus group, havé been moved 
to the end of the book. Because of this shift the chemistry of the 
metals ean be taken up earlier than before, an advantageous feature 
if the laboratory work is in qualitative analysis. The seven chap- 
ters on compounds of the metals are much the same as before except 
that more extensive use is made of tables and that the metallurgy 
and properties of the metals have been extracted and formed into 
five new:chapters. Because of this rearrangement it is possible to 
Stress more effectively group preparations and properties. Much 
new material has been included in the section on organic chemistry. 
In its general appearance the book is more pleasing than the 
previous edition. The rearrangement of topics should enhance the 
value of this book for teachers who have used the previous edition. 


Е. J. KING. 


MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


Marine Microbiology. A Monograph on Hydrobacteriology; by 
СтлорЕ E. 20Вві, Foreword by SrLman A. Waksman. XV. 
Pp. 1-240; 12 figs. and decorative vignettes by Auma В. CARLIN. 
Waltham, Mass., 1946 (The Chronica Botanica Co., $5.00), New 
-York City (G. Е. Stechert & Co.)—The bacteriology of the sea is 
of peculiar inberest.to oceamographers, biologists, geochemists, sedi- 
mentary petrologists, and petroleum geologists as well as to those 
concerned within any practical marine problems. АШ such workers 
owe a debt of gratitude to Doctor ZoBell for the labor involved in 
the preparation of this monographic study. The material covered 
is extensive and of somewhat wider interest even than the title 
suggests. After introductory chapters on the history of the subject 
and the nature of the marine environment, appropriate techniques ` 
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are considered. Thén the study of the factors influencing abun- 
dance and distribution of bacteria and their characteristiés and 
activities in both the free water and the sediments are taken up. A 
chapter is devoted to aquatic yeasts and molds. Four chapters on 
the bacterial transformations of important groups of compounds fol- 
low, then a chapter on the relationship of bacteria to the other 
components of the marine biota, one on the bacteriology of marine 
air and two on sanitary and other economic aspects. A final chap- 
ter is devoted to the bacteriology of inlend waters. The bibliog- 
raphy comprises over six hundred references. 

Though written largely as a summary of the literature with few 
synthetic paragraphs, the peculiar nature and importance of the 
bacteriology of the ocean is easily grasped from a study of this 
book. Bacteria, though of immense importance -in the ocean, do 
not find in it an ideal habitat. Much of the bacterial flora is соп- 
centrated in the upper part of the sediments, or on the surfaces of 
suspended or sedimenting solid bodies. The open ocean is too low 
in inorganic compounds to permit vigorous development of a bac- 
‚ terial flora save where adsorption on solid particles concentrates the 
organic matter. An antibiotic material is, moreover, rather wide- 
spread in natural sea water, though the nature of this substance, 
which may be of great importance in marine biology, is not ade- 
quately understood. The specificity of the marine flora is such 
that marine bacteria can easily be identified in air masses moving 
onto land from the surface of the ocean. The geologist will find 
ZoBell’s discussion of the lower limit of the biosphere of peculiar 
interest. Bacteria can be recovered in small numbers from the 
lower parts of the longest deep sea cores yet taken. The habitat 
of these bacteria is sediment formed at a quite remote time, in some 
cases probably during the Pleistocene. There is evidently here a 
wide and relatively unexplored field of study. ZoBell tentatively 
suggests that rising earth temperature with increasing depth puts a 
limit on the survival of bacteria buried in marine sediments. 

Marine Microbiology should be carefully studied by everyone 
interested in any of the many espects of science on which its sub- 
ject matter impinges. The book is attractivély produced and very: 
well indexed. A few minor misprints were noted but none appear to 
disguise the author's meaning. ` G. E. HUTCHINSON. 


PUBLICATIONS RECENTLY RECEIVED 


Ilinois Geological Survey. Report of Investigations as follows: No. 111. 
Viscosity Studies of System CaO-MgO-A1,0,-SIO;: 1, 40% SiO; J. S. 
Machin and D. L. Hanna. No. 12. Rosiclare-Fredonia Contact in and 
Adjacent to Hardin and Pops Counties, Illinois; by F. E. Tippie. No. 118. 
Kinkaid Corals from Illinois and Amplexoid Corals from the Chester of 

- Illinois and Arkansas; by У. Н: Easton. No. 114. Marine Pool, Madi- 


,". 586 FOHDHCONUME Recently Received. 


son County. A1 new Type of ОП Reservoir in Illinois; by H. A. Lon: 
stam and E. P. Du Bois. No. 115. Diagnostic Criteria for Clay Minerals; 
by Я. Е. Bradley. Urbana, 1945 and 1946. 

Journal of Polymer Science 

Editorial Board—P. M. Doty, В. Houwink, H. Mark, C. C. Price. 

Volume I, issues 1 and а 734 x 1034. 147 pages. 

First volume approximately 640 pages. 

Subscription price. $8.50 per yr. Foreign postage $1.00, including Canada. 

Published bimonthly by Interscience Publishers, Inc. and Elsevier Publish- 
ing Company, Inc, New York, М. У. 

Subscriptions to be sent to Interscience Publishers, Inc., 215 Fourth Avenue, 
New York, 8, N. Y. 

The new journal is devoted to the advancement of our fundamental knowl- 

_ledge of the physics and chemistry of polymers, by offering to scientific 
workers in this field an opportunity to report experimental and theoreti- 
cal contributions through a centralized medium. 

Luther Burbank. A Victim of Hero Worship; by W. L. Howard, Waltham, 
Mass., 1946-1946 (The Chronica Botanica Со. $8.15); New York City 
(С. E. Stechert and Co.). . 

Statistical Thermodynamics; by E. Schródinger.. New York, 1946 (Cam- 
bridge University Press, The Macmillan Co., $1.50). 

Mathematician's Delight; by W. W. Sawyer, New York, 1946 (Penguin 
Books, Inc., $25). 

Dating the Past, An Introduction to Geochronology; by F. S. Zeuner, Tons 
don, 1946 (Methuen & Co., Ltd., 80s.). 

Modern Chemistry. Some Sketches of Its Historical Development; by А. J. 

* Berry, New York, 1946 (Cambridge University Press) (The Macmillan 
Co., $2.50). 

Physical Methods of Organic Chemistry. Vol. II, Edited by A. Weiss- 
berger, New York, 1946 (Intersclence Pub. Inc., $8.50). 

Advances in Colloid Science. Vol. II. Scientific Progress іп the Field of 
: Rubber and Synthetic Elastomers; edited by H. Mark and С. S. Whitby. 
. New York, 1946 (Interscience Pub. Ine., $7.00). 

A New Series on Plant Science Books; edited by F. Verdoorn. Vol. XVIL 
Marjne Microbiology. A Monograph on Hydrobacteriology; by СЕ. 
ZoBell, Waltham, Mass., 1946 (The Chronica Botanica Co., 85.00) New 

` York City (G. E. Stechert & Со.). - 

У Priüeiples of Physies II. Electricity and Magnetism; by Е. W. Sears. 
Cambridge, Mass, 1946 (Addison-Wesley Press '$5.00). 

‚ Principles of Industrial Process Control; by D. P. Ecknan. New York, 
1946 (John Wiley & Sons, $8.50). 

0. S. Geological Survey; 54 Topographic Maps. 

The Naturalists’ Directory, Salem, Mass., $3.00 postpaid. Contains names, 
addresses, and special subjects of study of professional and amateur 
naturalists throughout the world. Published regularly for 60 years. 

ı Current edition to be issued September, 1946. 

Textbook of Biochemistry; by P. H. Mitchell. New York, 1946 (The 
McGraw-Hill Book Co., $5.00). ' 

Meteorology with Marine Applications; by W. L. Donn. New York, 1946 
(The McGraw-Hill Book Co., $4.50). 

. Kansas Geological Survey.. Bulletin 64, Part 1, Petrographie Comparison 
of РНосепе and Pleistocene Volcanic Ash from Western Kansas; by А. 
Swineford and J. C. Frye; Preliminary Cross Section No. 2 of Oil and 
Gas Investigations. Subsurface Geologic Cross Section from Ness County, 
Kansas to Lincoln County, Colorado; by J. C. Maher, Lawrence, 1946. 
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REVISION OF SOME LATE UPPER CAM- 
‚ BRIAN TRILOBITES FROM NEW YORK, 
VERMONT AND QUEBEC. 


FRANCO RASETTI. 


ABSTRACT. A more complete description of specles of. Idiomesus, 
Keithiella, Prosaukia, Raymondina, and Westonaspis is given on the basis 
of material collected by the writer.. New generic assignments are suggested 
for some of the species, and the genera Stenosaukia and Stigmametopus are 
‘suppressed as respectively synonymous of Prosaukia and Idiomesus. 


HIS study includes species from the Hoyt limestone of New 

York, the Gorge formation of northwestern Vermont, and 
the late Upper Cambrian boulders (Hungaia magnifica zone) 
in the Lévis shale of Quebec. 


Many Cambrian trilobites have been described from frag- 
ments that often did. not; show enough diagnostic characters 
for the safe foundation of a species or a genus; and, moreover, 
in many cases the different parts of the carapace have heen 
assigned to one species upon insufficient evidence. New collect- 
ing in the Cambrian formations, especially when done by a 
paleontologist who is careful of noting the association of the 
fossils in the rock, almost invariably yields valuable material 
for a better understanding of these fossils. 


Material collectéd by the writer from the Hoyt limestone and 
from the Gorge formation affords the means for mote complete 
descriptions, the correct assignment of the different parts of 
the carapace, and new generic references of several late Upper 
Cambrian trilobites. 

The results of this study confirm the approximate equivalence 
of the Hoyt limestone, the Gorge formation and the Hungaia 
zone in the Lévis conglomerate. One of the common character- 
istic genera is Keithiella, represented in these formations by . 
closely related species. 


Ам. Jour. Scr.—Vor. 244, No. 8, Avausr, 1946. 
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SYSTEMATIC DESCRIPTIONS. 
Genus IDIOMESUS Raymond, 1924. 


The genus is based on Idiomesus tantillus Raymond, a species- 
from the Gorge formation. Raymond’s description of the geno- 
type is correct except in one detail. Raymond stated that the 
glabella is unfurrowed, but examination of the type shows that 
the posterior portion of the glabella is imperfectly preserved in 
this specimen. Better preserved cranidia show a narrow, but 
rather deep posterior glabellar furrow crossing the entire width 
of the glabella. 


The writer erected the genus Stigmametopus for a trilobite 
from the Lévis conglomerate which is similar to Idiomesus tan- 
tillus in most. respects. Believing that Idiomesus had no glab- 
ellar furrows, the writer made a new genus for this species, 
which shows a deep posterior transglabellar furrow, in addition 
to two other pairs of short furrows. Now that Idiomesus 
tantillus is better known, the differences between the two species 
clearly do not justify a generic separation; hence Stigma- 
metopus is b as а synonym of Idiomesus. 


Ом TANTILLUS и 
Plate 1, Figs. 1-8. 


Idiomesus tantillus Raymond, 1924, Boston Soc. Nat. Hist. 
Proc., vol. 37, no. 4, p. 897, pl. 12, fig. 10. 


Several cranidia of this species were collected by the writer 
from the type locality. АП of them show the well-impressed 
posterior glabellar furrow that is imperfectly preserved in 
Raymond's type. | 

А character of this species that is not mentioned in Ray- . 
mond’s description is the unusual elevation uf the very narrow 
occipital segment and of the posterior rim of the fixed cheeks. 
A peculiar feature is the fact that the dorsal furrows hardly 
interrupt this elevated posterior border of the cranidium, 
although they are unusually deep along the posterior pons 
of the glabella. ; 

Free cheeks were certainly present, although probably nar- 
row and marginal. There is no trace of palpebral lobes, hence 
this trilobite seems to have been blind. 
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" The photographs of an almost perfect cranidium clearly 
show all the above-mentioned features. 

Formation and locality: Gorge formation (upper топе); 
Highgate Falls, Vermont. Р 

Holotype: Yale Peabody Museum no. 4726; plesiotypes: 
Laval Univ. nos, 1042 a-b. ` 


IDIOMESUS LEVISENSIS (Rasetti). 


Stigmametopus levisensis Rasetti, 1944, Jour. Paleont., vol. 18, 
p. 257, pl. 87, figs. 8, 9. 


The presence of two pit-like pairs of glabellar furrows in 
addition to the posterior transglabellar furrow readily dis- 
tinguishes this species from I. tantülus. 


Formation and locality: Upper Cambrian boulders (Hungaia 


zone) in the Lévis formation at Lévis, Quebec. 
`- Syntypes: Laval Univ. nos. 1126 a-b. 


Genus KEITHIELLA Rasetti, 1944. 


KEITHIELLA SPECIOSA (Walcott). 
Plate 1, Figs. 4-9. 


Piychaspis speciosus Walcott, 1879, New York State Mus. Nat. 
Hist., 32nd Ann. Rept., р. 181. 

Ptychaspis speciosus Walcott (part), 1912, Smithsonian Misc. 
Coll., vol. 57, no. 9, p. 272, pl. 43, figs. 16, 16a, 17, 19. 

Saukia speciosa (Walcott), Resser, 1942, Smithsonian Misc. 
Coll., vol. 101, no. 15, p. 49. 


Walcott described this species as Ptychaspis, assigning the 
wrong pygidium to it. Later Resser eliminated the spurious 
parts of the carapace and, on the basis of the cranidium, 
assigned the species to Saukia. Even a cursory examination of 
the cranidium suffices to show that the species cannot be 
assigned to any of the genera of the Saukiinae as defined by 
Ulrich and Resser. The palpebral lobes are much shorter than 
in any of the Saukiinae, and the fixed cheeks are much wider. 

The fossil is common in some of the highest layers exposed in 
the Hoyt quarry, from which the types were collected. The 
writer found many cranidia, free cheeks and pygidia closely 
associated, leaving no doubt that these fragments belong to one 
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species: The pygidium is even more unlike those of the 
Saukiinae than the cranidium; but both cranidium and pygidium 
fit perfectly in the writer's genus K eithiella. 


. Keithiella ів based on Arionellus. cylindricus Billings tradi 
the boulders in the Lévis conglomerate. 'The writer (Rasetti, 
1945, р. 476) had already tentatively assigned to Keithiella a 
pygidium of the type of those collected from' the Hoyt lime- 
stone. The new find leaves no doubt that this тшшен 18 
correct. 


The cranidium was described by Walcott from exfoliated 
specimens. "Some of the small cranidia preserve the test, show- 
ing a beautiful surface ornamentation. The surface is covered 
with strong tubercles, excepting the anterior rim where the 
ornamentation consists of transverse ridges. The surface orna- 
mentation is fainter but still visible on the interior cast. 


The free cheeks are moderately convex, of average width, and 
possess a wide convex rim. The rim is striated, the remaining 
surface strongly tuberculated as the cranidium. The genal 
spines are strong. | | 

Pygidium subtriangular, more than twice wider than long. 
Axis strongly prominent, slightly tapered, almost reaching the 
‘posterior margin ; extended into a short post-axial ridge. Four 
ог five axial furrows fairly well impressed. Pleural lobes 
depressed, concave marginally. Pleural furrows. wide; inter- 
pleural grooves narrower and shallower but visible. Each fur- 
row ап groove form а wide depression, separated from the 
next by a narrow, elevated ridge that extends across the concave 
border. Surface of pygidium smooth. 

The cranidium of this species differs from that of К. cylin- 
drica chiefly in the lesser elevation of the fixed cheeks, longer 
palpebral lobes, and tuberculation visible on the interior cast. 
It closely resembles K. maior Rasetti, but has a somewhat less 
elevated glabella and narrower rim. К. maior is known only 
from exfoliated specimens and the surface characters cannot be 
closely compared. Ё 

Formation and locality: Hoyt limestone; Hoyt quarry 
(upper beds), 4 miles west of Saratoga Springs, New York. 

Lectotype: U. 5. №. М. no. 58563; paratype: U. S. М. M. 
no. 58564 ; plesiotypes: Laval Univ. nos. 1048 a-e. 
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KEITHIELLA RAYMONDI Rasetti, n. sp. 
Plate 1, Fig. 22. 


Highgatea bisinuata Raymond (part), 1987, Geol. Soc. Am. 
Bull., vol. 48, p. 1088, pl. 1, fig. 14. 


This species is based on а pygidium that Raymond ЕЕ, 
to Highgatea bisinuata (==Loganellus). The writer (Rasetti, 
1945, p. 476) already remarked that the pygidium does not 
belong to this species and probably is а pygidium of Keithiella. 
-The discovery of the pygidium of Keithiella speciosa proves 
that this assumption is correct, since the two pygidia are very 
similar. 

The pygidium of the new species has depressed sleu lobes 
with a concave border, as in K. speciosa, but differs in possess- 
ing 5 instead of 8 distinct ribs crossing the concave border. 

The writer thought at first that.this pygidium might be 
assigned to К. affinis (Raymond) from the upper fossiliferous 
zone of the Gorge, but examination of th» type material revealed 
that the same piece of rock that bears the type cranidium of the 
latter species also bears a pygidium that differs from the one 
under discussion and probably is the pygidium of K. affinis. 
This pygidium is proportionately longer and narrower than 
the pygidia of K. speciosa and of K. raymondi and the pleural 
lobes are more convex. It closely’ resembles а pygidium of 
Keithiella described by the writer (Rasetti, 1945, p. 476, pl. 02, 
fig. 22) as “unassigned pygidium no. 1.” 

Formation and locality: Gorge formation (lower zone); 
Highgate Falls, Vermont. 

Holotype: Yale Peabody Museum no. 14706. 


~ Genus PROSAUKIA Ulrich and Resser, 1988 
see EBORACENSIS В 
Plate 1, Figs. 17-19. 


РОР РАТИТЕ calciferus. Walcott (part), 1912, Smithsonian 
Misc. Coll., vol. 57, по. 9, р. 270,.pl. 48, fig. 9. 

Dicellocephalus hartt$ Walcott (part), 1912, idem, p. 278, 
pl. 44, figs. 7, Та. 

Dikelocephalus hartts Walcott (part), 1914, Smithsonian Misc. 
coll., vol. 57, по. 18, p. 868, pl. 63, figs. 7, Та. 

Saukia-eboracensis Resser, 1942, Smithsonian Mise. Coll., 
vol. 101, no. 15, p. 49. 
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Resser based the species on a pygidium that Walcott had 
erroneously assigned to Dtkelocephalus hartti, and also attrib- 
uted to it a free cheek described by Walcott as Lonchocephalus 
calciferus. The writer collected numerous pygidia identical 
with the form in question, and also associated cranidia that 
doubtless belong to the same species. Tis material comes from 
the typical locality. 

` The discovery of the cranidium shows that the species cannot 
be left in Saukia as defined by Ulrich and Resser, since it pos- 
sesses a well-defined preglabellar area. It fits well in Prosaukia, 
more precisely in the group of species with surface tuberculation 
and without neck spine. However, it must be mentioned that 
the limits assigned to the genera of the Saukiinae by Ulrich and 
Resser appear of somewhat doubtful validity. "The authors 
themselves state (Ulrich and Resser 1983, p. 138) that several 
species not discussed in their paper as of “Ozarkian” age do 
not readily fall within any of their genera. 

Cranidium typical of the Saukhnae. Glabella straight- 
sided, slightly tapered, truncated in front. Occipital segment 
without spine. Occipital furrow and posterior glabellar furrow 
well impressed across the glabella. Another pair of furrows is 
fairly well impressed at the sides and still visible mesially, 
although narrow and shallow. The anterior pair is very nar- 
row and shallow, short, transverse and situated opposite the 
anterior end of the palpebral lobes. Fixed cheeks and palpebral 
lobes average for the genus. Brim divided into rim and pre- 
glabellar area by a well impressed anterior furrow; rim wider 
mesially than the preglabellar area. 

Surface of glabella covered with distinct tubercles; fixed 
cheeks and brim with low, irregular ridges. Th surface orna- 
mentation is visible only on the outer surface of the test. 

The pygidium has been figured by Walcott and described by 
Resser and nothing can be added. 

The species closely resembles several of those described by 
Ulrich and Resser from the upper Mississippi Valley, but it is 
difficult to make a close comparison because the fine details of 
the surface are not preserved in the coarse sandstones of thet 
area. 

Formation and locality: Hoyt limestone; Adirondack Rail- 
road quarry, 1 mile northwest of Saratoga Springs, New York. 

Holotype: U. 8. М. М. no. 58577; paratype: U. S. М. М. 
по. 58556 ; plesiotypes: Laval Univ. поз. 1044 а-с. 
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PROSAUKIA IRRASA (Raymond). 


Plate 1, Figs. 20, 21. 


X 
s 


Stenosaukia irrasa Raymond, 1987, Geol. Soc. Am. Bull., vol. 
48, p. 1090, pl. 1, fig. 17. 


'The species and the genus were based on & small cranidium 
from the lower zone of the Gorge. Raymond separated this 
form from the other genera of the Saukiinae on the basis of the 
“downward-inflected anterior brim” and of the tapered glabella. 
As far as the first character is concerned, examination of the 
type shows that the brim is hardly more inclined than in the 
other genera of the group. The second character is even less 
distinctive, since in all species of Prosaukia and many of Sauki- 
ella there is no enlargement of the frontal portion of the glab- 
ella. It may be added that the type of Stenosaukia trrasa is a 
very small and probably immature individual, and that young 
cranidia of the species just discussed, Prosaukia eboracensis, 
are extremely similar to it. For all these reasons, there seems 
to be no ground for recognizing the genus Stenosaukia and the 
species will be assigned to Prosaukia. 


Raymond's figure 1s misleading in several respects. The 
glabella does not taper as rapidly as shown. Тһе brim is 
narrower than in the figure and has a shallow anterior furrow 
separating the rim from the preglabellar area. All these char- 
acters are apparent from a cast of the type and from a few 
additional cranidia collected by the writer. The latter are 
from the upper fossiliferous zone of the Gorge while Raymond's 
type is from the lower zone, but careful comparison failed to 
show any differences. One of the new cranidia is figured. 

Compared with P. eboracensis, the present species differs in 
the proportionately narrower and longer glabella and the lesser 
divergence of the facial sutures in front of the eyes. The 
surface ornamentation seems to bé about the same as in P. 
eboracensis, as far as can be ascertained from such small | 

individuals. 
| Formation and locality: Gorge formation (lower and upper 
zones; type from the former); Highgate Falls, Vermont. 

Holotype: Yale Peabody Museum no. 14707; plesiotype: 
Laval Univ. no. 1045a. 
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Genus RAYMONDINA Clark, 1924. 
RAYMONDINA IMMARGINATA Rasetti, n. sp. 


Plate 1, Figs. 10-18. 


Cephalon small, highly convex. Glabella prominent above 
the fixed cheeks, parallel-sided, well rounded in front. Occipital 
furrow deep, occipital segment rather narrow. Glabellar fur- 
rows exceedingly shallow; posterior pair divided into two pairs 
of short, shallow pits exactly as in the genotype, R. respecta. 
Fixed cheeks convex, sloping down steeply at: the sides. Pal- 
pebral lobes of medium size; their centers situated on a line 
through the anterior third of the glabella. Posterior branch 
of the facial suture directed first outward, then more directly 
backward and reaching the margin exactly at-the genal angle. 
Anterior facial sutures parallel in front of. the eyes, then 
curving inward and remaining slightly intramarginal for their 
entire course. Brim convex, withopt any defined rim. Free 


EXPLANATION OF PLATE. 


Figs. 1-8. Idiomesus tanbülus Raymond, x8; top, front and side views of 
cranidium; Laval U. 1042a, plesiotype. Gorge formation (upper zone) ; 
Highgate Falls, Vermont. 

Figs. 4-9. Keithiella speciosa (Walcott), 4, 5, top and side views of 
cranidium preserving the test, x6; 6, larger exfoliated сгапійішш, х8; 7, 
8mall free check, x6; 8, 9, pygidia, x4; Laval U. 1048a-e, plesiotypes. Hoyt 
limestone; Hoyt quarry, 4 miles west of Saratoga Springs, New York. 

Figs. 10-18. Ваутопата immarginata Rasettl, n. sp., x8. 10-12, front, 
side and top views of cephalon; Laval U. 10462, holotype; 18, cranidium; 
Laval U. 1040b, paratype. Upper Cambrian boulders in the Lévis forma- 
tion; Guay’s quarry, Lévis, Quebec. 

Figs. 14, 15. Westonaspis laevifrons Rasetti, хб; side and top views of 
ста Ат; Laval U. 1047, plesiotype. Gorge formation (upper zone); 
Highgate:Falls, Vermont. 

Fig. 16. Westonaspis laevifrons Rasetti, хб; cranidium; Laval U. 1196, 
paratype. Upper Cambrian boulders in the Lévis formation; South Ridge, 
Lévis, Quebec. 

‘Figs. 17-19. Prosaukia eboracensis (Resser), x4. 17, exfollated pygidium; 
18, 19, cranidia; Laval U. 1044a-c, plesiotypes. Hoyt limestone; Adiron- 
dack Railroad. quarry, 1 mile northwest of Saratoga Springs, New York. 

Figs. 20, 21. Prosaukia trrasa (Raymond), x6; top and side views of 
cranidium; Laval U. 10458, plesiotype. Gorge formation (upper zone); 
Highgate Falls, Vermont. | 

Fig. 22. Keithiella raymondi Rasetti, n. sp. x25; pygidium (photo- 
graph of cast); Y. P. М. 14706, holotype. Gorge formation (lower zone); 
Highgate Falls, Vermont. А 
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cheeks sloping rather steeply, without genal spines. Owing to 

' the intramarginal course of the suture the free cheeks are visible 
dorsally on the anterior brim, but it has been impossible to 
ascertain whether they are separated by a median suture or 
fused. 

Surface of test smooth except for & few scattered tubercles 
on the fixed and free cheeks. Similar tubercles are present in 
Е. respecta. Length of largest cranidium 8 mm. 

This species is almost identical with R. respecta in all char- 
acters, except the absence of a frontal rim. In general the 
presence or absence of the rim is considered a character of 
generic importance, but in this case the two species are so 
similar in all other respects and so obviously related that it 
would appear.pointless to separate them generically. It may 
be added that the rim in R. respecta is low, and in some indi- 
viduals less defined than in others. 

This species shows some interesting features of Raymondina, 
The genotype is known only from cranidia, and Clark (1924), 
observing the rearward extension of the posterolateral limbs, 
deduced that the sutures reach the lateral margin in advance 
of the репа] angle and considered the genus as proparian. · He 
assumed that the free cheeks were narrow and anterior in posi- 
tion. Separated cranidia of R. $mmarginata show exactly the 
same type of sutures. However, the discovery of a complete, 
well preserved cephalon proves that the free cheeks are not 
narrow and short as supposed by Clark, but extend as far as 
the genal angle. It is a frequent feature of trilobites without 
genal spines that the posterior branch of the facial suture 
reaches the margin exactly at the genal angle, so that these 
trilobites might with equal right be called proparian or opis- 
thoparian. The writer believes that, at least in this and several 
other cases, the distinction has little taxonomic importance. 

Formation and locality: Upper Cambrian boulders (boulder 
82, Hungaia zone) in the Lévis formation; Guay’s quarry, 
Lévis, Quebec. 

Holotype and paratype: Laval Univ. nos. 1046 a-b. 
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Genus WESTONASPIS Rasetti, 1945. 
WESTONASPIS LAEVIFRONS Rasetti. 


.Platé 1, Figs. 14-16. 


Westonaspis laevifrons Rasetti, 1945, Jour. Paleont., vol. 19, 
p. 475, pl. 62, figs. 16, 17. | ! 


In.describing this species, the writer made an inaccurate 
statement which is corrected here. In the type, the posterolat- 
eral limbs of the cranidium are both broken off almost in a 
straight line back of the palpebrallobes. It was believed that 
the posterolateral limbs were complete and that their outline 
represented the posterior branch of the facial suture. The 
later find of а few cramdia of the species in the Gorge showed 
that the posterolateral limbs, when unbroken, are long and 
narrow, parallel-sided. The posterior branch of the facial 
suture is directed straight outward immediately behind the 
palpebral lobe. 

After this feature had been поноса, а paratype cranidium 
from Lévis was further prepared and showed an identical pos- 
terolateral limb as observed in the specimens from the Gorge. 

This find adds another species common to the Gorge and to 
the boulders of the Hungaia zone at Lévis. 

Formation and locality: Upper Cambrian boulders (boulder 
14) in the Lévis formation; South Ridge, Lévis, Quebec. Also 
Gorge formation (upper zone) ; Highgate Falls, Vermont. 

Holotype and paratype: Laval Univ. nos. 1196 a-b; plesio- 
type (from the Gorge formation) ; Laval Univ. no. 1047. 
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TWO UPPER CAMBRIAN (ТВЕМРЕА- 
LEAU) TRILOBITES FROM DUTCHESS 
COUNTY, NEW YORK. 
CHRISTINA LOCHMAN. 


ABSTRACT. Two new species of Upper Cambrian trilobites, Prosaukia 
briurcliffensis ‘and Plethometopus knopfi, are described from a bed of the 
“Hoyt dolomite” in Dutchess County, New York. From this horizon only 
а Lingulepie has been previously obtained. The association of Prosaukia 
and Plethumetopus indicates an horizon not earlier than the middle of the 
Franconian stage nor later than the middle of the Trempealeauian stage. 


у ECENTLY Dr. Adolph Knopf, while accompanying Mrs. 
Knopf on field work, discovered a few fairly well preserved 
trilobite specimens in an horizon of the Upper Cambrian 
“Hoyt dolomite” (Knopf, 1927) from which only a single poor 
brachiopod specimen identified by Dr. G. А. Cooper as 
Lingulepis had ever been obtained. The small patch of fossilif- 
erous dolomite occurred about 4 feet above the road surface 
in а prominent outcrop on the east side of Highway N. Y. 82A, 
800 feet north of the entrance to Briarcliff Farm, and 1% 
miles due south of the village of Pine Plains, Dutchess County, 
New York. | 
The rock matrix of the “Hoyt dolomite” in which the fossils 
occur consists of a medium-gray, fine-grained, crystalline dolo- 
mite. It has been extensively fractured by small cracks some 
of which have subsequently been healed by thin white calcite 
veins. Weathering has produced limonite stains on many of 
the fracture surfaces, and limonite discoloration of the fossil 
surface. - | 
All of the dolomite brought in from the field was broken up 
and examined, but all the*specimens obtained came from several 
medium-sized pieces in which fossils were first noted. The 
specimens were apparently restricted to a rather small patch 
in a single horizon, where, by some fortuitous chance, they had 
escaped destruction. The collection is quite small as it con- 
sists of one pygidium, two cranidia and five fragmentary free 
cheeks of a Prosaukia species, and two cranidia and two frag- 
mentary free cheeks of & Plethometopus species. Considering 
the scarcity of reported fossils, the presence and preservation 
of these few specimens is quite remarkable. None of the larger 
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specimens appears distorted, though several are crossed by 
healed cracks. On the Prosaukia pygidium the outer surface 
with ornamentation is still present. The large Prosaukia 
' cranidium retains only the leached and discolored inner surface 
of the test. This specimen appears to lie on a bedding plane 
separating two beds which can be distinguished by a slight but 
definite change in coloration. The other Prosaukia specimens 
are either worn inner surfaces or dolomite molds and rather 
fragmentary. Among the Plethometopus specimens the two 
‘cranidia are largely only dolomite molds; and the free cheeks, 
while retaining broken patches of the outer surface, are quite 
incomplete. In spite of the noted deficiencies, the large cranid- 
‚ ium and pygidium of Prosaukia and the large cranidium of 
Plethometopus are complete enough to insure accurate generic 
determination and reasonably correct specific identification. 
‘The discovery of these specimens is especially valuable as it . 
affords the first correlation of any portion of the Dutchess 
County “Hoyt dolomite” with the standard Upper Cambrian | 
section. Both genera have a fairly long ‘range through the 
upper half of the Upper Cambrian, and with both represented 
by new species and no other associated forms, the fauna could 
be dated anywhere from the Ptychaspis-Prosaukia zone of the 
Franconian up through the Upper Dikelocephalus zone of the 
Trempealeauian. However, an analysis.of the relationship of 
these new species to the described species has led the author to . 
favor dating this collection as somewhere in the lower half of 
the Trempealeauian. : 
The genus Prosaukia makes its first appearance in western 
United States and. Wisconsin in the Prosaukia subzone of the 
Franconian, and continues in considerable abundance and. 
variety through the Briscoia and Lower Dikelocephalus zone. 
In the Trempealeauian of Wisconsin the genus becomes quite 
rare and is last known from two inconspicuous species in the 
Upper Dikelocephalus zone. The three species of Prosaukia, 
P. newtonensis (Weller), P. weller Resser and P. tribulis 
(Walcott) (Resser, 1942) described from eastern’ United 
States, are all presumed to be, in so far as can be determined 
' by their poor and questionable faunal associations, of Trem- 
pealeauian age. Plethometopus is known from nine valid 
described species. Apparently the earliest species is P. alber- 
tensis Resser, described (Resser, 1942a) from the Lyell 
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formation of Alberta. This single peeled cranidium is a good 
Plethometopus but differs from all other species in the much 
clearer impression of the dorsal furrow and the presence of | 
the lateral remnants of the marginal furrow. Such features 
would appear to be primitive in a genus distinguished by the 
obsolescence of the marginal furrow and the very weak develop- 
ment of the dorsal furrow; and it is not surprising to find the 
species associated with Chariocephalus and Ellipsocephaloides, 
genera which, in the Wisconsin standard section, occur in the 
Ptychaspis-Prosaukia and Briscoia zones of the Franconian. 
'In Wisconsin Plethometopus appears in the Lower Dikelo- 
cephalus zone but is more common and abundant throughout 
the Trempealeauian, continuing to the end. Outside of Wis- 
consin, the genus occurs in the Eminence formation of Missouri, 
the Gorge formation of Vermont, both Trempealeau equiva- 
lents, and the Hungaia magnifica fauna in boulders of the 
Point Levis conglomerate, which is also considered a Trem- 
.pealeau equivalent (Rasetti, 1944). Of all these species, 
Plethometopus knopfi Lochman, n. sp. is most similar to P. 
acutus Rasetti, P. obtusus Rasetti and P. armatus (Billings) 
of the Hungaia magnifica fauna. 

Because -of the above cited specific relationships and the 
geographic distribution, the-author believes that actually thie 
small fauna from Dutchess County is not earlier than the 
Lower Dikelocephalus zone nor later than the Upper Dikelo- 
cephalus zone, or somewhere in the dowar half of the Тее 
pealeauian stage. 


DESCRIPTION OF SPECIES. 


PROSAUKIA BRIARCLIFFENSIS Lochman, п. 8p. 
Plate 1, Figures 1-6. 


` Cranidium rectangular; glabella oblong, tapering very 
slightly forward to a broad truncated front; convexity low, 
regular in posterior half, curving steeply in front; two pairs 
of glabellar furrows, first pair short, well-defined, slightly 
curved, posterior pair narrow, deep, arcuate, not quite meet- 
ing in center; occipital furrow broad, deep, slightly sinuous; 
occipital ring wide, slightly convex, with a small- posterior 
median’ node; dorsal furrow of medium width, well-defined ; 
frontal limb very narrow, expanding a little at sides, horizontal, 
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flat; marginal furrow shallow, of medium width; frontal . 
border apparently of medium width, flat, slightly downsloping; . 
anterior margin unknown. Fixed cheeks very narrow, one quar- 
ter width of glabella at widest midline, upsloping; palpebral 
lobes large, wide, arcuate, on posterior one-third of glabella; 
palpebral furrows deep, medium width; postero-lateral limb ap- 
proximately one-third length of occipital ring, crossed by a 
deep, well-defined intramarginal furrow. Free cheek rectangu- 
lay with large eye along inner side; ocular platform of medium 
width anteriorly, expanding posteriorly, convex; marginal 
furrow narrow, well-defined, running into intramarginal fur- 
row; marginal border narrow, convex with short anterior 
projection and a moderately long, heavy genal spine. Facial 
suture.cutting anterior margin far out at sides, curving slightly 
out, then running in diagonally to and curving around palpe- 
bral lobe, thence curving out and back to cut posterior margin 
well within genal angle. 

"Thorax unknown. 

Pygidium ‘semicircular; axial lobe of medium width, strongly 
convex, tapering regularly posteriorly, extending fully two- 
thirds length of pygidium, divided by three anterior, , well- 
defined and one narrow, faint furrow, into three wide seg- 
ments and one narrow segment and a long, tapered terminal 
portion; pleural lobes slightly more than one-half axial lobe 
in width, low, gently downsloping into the medium wide, con- 
cave marginal border; no marginal furrow; pleural lobes 
divided into four segments by narrow, well-defined furrows 
crossed by narrow, parallel pleural furrows, both curving pos- 
teriorly onto and fading out across marginal border; greatest 
width of pygidium apparently on transverse midline; posterior 
margin regularly curved. . 

- Surface of cranidium unknown; outer surface of free cheek 
crossed by low irregular ridges curving parallel to border; 
outer surface of pygidium coarsely granulated on axial and 
pleural lobes, granules: passing into low, irregular ridges on 
. the marginal border; inner surface unknown; ventral surface 
„ов doublure crossed by narrow concentric ridges. 


REMARKS: The species is represented by one large adult 

cranidium, one small fragmentary cranidium, one large pygid- 
` jum and a number of fragmentary free cheeks. "Considering 
. the matrix of the specimens, the preservation is quite good, 
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though none of the specimens is actually complete in outline. 
It.has been assumed that the cranidium and pygidium represent 
the same species though in view of the small size of the collec- 
tion, this assumption may be quite wrong. Because of the very 
fine generic distinctions drawn by Ulrich and Resser (1930, 
1988) in their monograph on the Dikelocephalidae it is diffi- 
cult to place specimens with certainty unless they are quite 
complete in outline. The author has decided, after consid- 
erable study, that these specimens fit the generic characters of 
Prosaukia, as established by Ulrich and Resser. 

It is quite difficult to make comparisons with the Wisconsin 
' species, as many of those described by Ulrich and Resser 
appear to be synonyms, one of the other, and the validity of 


the associated pygidia is uncertain both for the Wisconsin and. 


the New York species. In the character of the cranidium, 
P. incerta Ulrich and Resser from the Norwalk is very similar. 
the only difference being in the absence of a frontal limb in 
front of the glabella in P. incerta U. and В. Р. welleri Resser 
,is also close, but besides lacking the frontal limb in front of the 
` glabella it also shows a complete posterior glabellar furrow. 
It is interesting to note that as in P. briarcliffensis, the Trem- 
pealeauian species from Wisconsin have a much more swollen 
front of the glabella than the common Franconian species. 
TYPES: holotype, cranidium and impression, Y.P.M. 17891 
paratype, pygidium, Y.P.M. 17892 
paratypes, free cheeks, Y.P.M. 17393a, 17398b. 


PLETHOMETOPUS KNOPFI Lochman, п. 8p. 
Plate 1, Figures 7-9. 


Cranidium quadrate; glabella broad, sides very slightly 
tapered, with broadly rounded front, convexity even but low; 
no glabellar furrows; dorsal furrow shallow, faint at sides 
and barely traceable &cross front of glabella; occipital furrow 
shallow, obsolete at outer edges; occipital ring narrow, appar- 
ently not extending to dorsal furrow, expanding at center; 
apparently no occipital spine; frontal limb and border insepa- 
rable due to obsolescence of marginal furrow, the area of medium 


width, regularly convex, continuing downslope of front of . 


glabella; anterior margin evenly rounded. Fixed cheeks very 


~ 
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narrow, approximately one-eighth width of glabella, slightly 
convex, downsloping; palpebral lobes just under medium size, 
lying anterior to center of glabella; no palpebral furrow or 
ocular ridge; postero-lateral limbs triangular, a little wider 
than long, length one-third of occipital ring, crossed by a 
broad, shallow intramarginal furrow. Free cheek fragmen- 
tary—apparently narrow, elongate; ocular platform of medium 
‘width, flat, downsloping; marginal furrow obsolete; marginal 
border narrow, crossed by three or four narrow ridges; genal 
area unknown. Facial suture cutting anterior margin far 
out at sides, curving gently out and in to and around palpe- 
bral lobes; then curving rapidly back to cut posterior margin. 

Thorax and pygidium not known. | 

Outer surface of test not known; inner surface apparently 
finely punctate. 
REMARKS: This species is described from one medium- 
sized cranidium, а small fragmentary cranidium and two frag- 
mentary free cheeks which are tentatively associated with the 
cranidia. Of the described species of this: genus, P. knopfi - 
most resembles several species described from the Hungaia 
magnifica fauna in boulders of the Point Levis conglomerate, 
. Levis, Canada. It differs from P. armatus (Billings) and 
P. obtusus Rasetti in the proportionately broader glabella and 
the apparent absence of either a long or short occipital spine 
(although this latter feature may have been destroyed on the 
specimens of P. knopfi). ' The species is very close to P. acutus 
Rasetti, having the same broad type of glabella, but it differs 
noticeably in the much flatter profile of the anterior portion 
of the cranidium. The latter feature eannot be attributed 
to size differences, as it is present in both specimens of P. 





EXPLANATION OF PLATE 1. 
All figures x 2. 


Fig. 1-6. Prosaukia briarcliffensis Lochman, п. sp. 1,4, dorsal and 
profile views of holotype, cranidium, Y.P.M. 17891. 2,8, paratypes, two, 
fragmentary associated free cheeks, Y.P.M. 17898b; Y.P.M. 178988. 5,6, 
profile and dorsal views of paratype, an associated pygidium, Y.P.M. 17892 

Figs. 7-9. Plethometopus knopfi Lochman, n. sp. 8,9, profile and dorsal 
views of holotype, а large cranidium, Y.P.M. 17894. 7, paratype, а large, 
fragmentary associated free cheek. Y.P.M. 17895b. 
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knopfi, one of which is smaller and the other larger than the 
types of P. acutus Rasetti. As the three Levis species clearly 
demonstrate the presence of a faint complete dorsal furrow on 
peeled specimens and its obsolescence оп the external surface 
of the test, the presence of such a furrow on the two specimens 
of P. knopfi, both internal molds, is considered directly attribu- 
table to the preservation. 


TYPES: holotype, cranidium, У.Р.М. 17394 
paratype, fragmentary cranidium, Y.P.M. 17395a 
paratype, free cheek, Y.P.M. 17395b. 
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WALNUTS FROM THE LATE TERTIARY 
OF ECUADOR. 


ROLAND W. BROWN. 


LTHOUGH several living species of walnuts are known 
from South America, the specimens described here repre- 
sent the first reported fossil species from that continent. 'The 
fossils comprise 27 black, carbonized, brittle, slightly distorted 
pieces, mostly halves of nuts. They were collected in 1945 by 
Dr. A. A. Olsson, of the Imperial Oil Company of Canada, from 
the Punta Gorda formation, which crops out along the coast at 
Punta Gorda just west of the mouth of Rio Esmeraldas, Prov- 
ince of Esmeraldas, in northwestern Ecuador. Having been 
received at Johns Hopkins University after the death of Prof. 
E. W. Berry in September 1945, they were transmitted to me 
for study and description. Their age is late Miocene or early 
Pliocene in accord with the currently accepted age of the Punta 
Gorda formation in which a large, marine molluscan fauna is 
found. As the-fossils are significantly different from any 
living or fossil species, I designate them as a new species named 
for Dr. Theodore A. Link, assistant Chief Geologist of the 
Imperial Oil Company, who assisted Dr. Olsson in collecting the 
specimens. 


JUGLANS LINKI Brown, n. sp. 
Plate 1, Figs. 1-9. 


Nuts ovate-pyriform, rounded quadrangular in transverse 
section, cordate in longitudinal section, rather sharply acute at 
the apex, averaging 3 cm. in length and 2.5 cm. in diameter. 
Surface of the better specimens strongly rugose with deep fur- 
rows and sharp to rounded ridges. Wall extremely thick and 
meat cavity relatively small. In life these nuts were undoubtedly 
larger for there evidently was some shrinkage accompanied by 
distortion during the process of fossilization. Specimens depos- 
ited in the U. S. National Museum. 


1 Published by permission of the Director, Geological Survey, U. S. Dept. 
of the Interior, Washington, D. C. 


554 


ROLAND У. BROWN, PL. 1 


9 


Figs. 1-9. Nuts of Juglans linki Brown, n.sp., from the late 
Tertiary of Punta Gorda, Ecuador. Natural size. Photos 
by Nelson W. Shupe. 
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The genus Juglans is represented today in Asia, Europe, and 
the Americas by about 20 species, although Dode (1906-1910) 
claimed 44 species, including varieties. Four native species 
are known from South America: Juglans australis (Argentina 
black walnut), J. boliviana (Bolivia black walnut), J. colum- 
biensis (Colombia black walnut), and J. honorei (Ecuador 
black walnut), the common names indicating in general the 
regions inhabited by the different species. The fossil nuts 
resemble most closely those of J. honorei and its varieties but 
have acuter apexes and thicker walls. Consequently, their 
relationship, although suggestive, remains obscure and must 
probably continue so, inasmuch as no foliage was found with the 
nuts to aid comparison with living species. 

Тре finding of these fossil walnuts in Ecuador enlarges some- 
what the known area over which the genus Juglans was distrib- 
uted in prehistoric times. This area was depicted on several 
occasions by E. W. Berry, the latest being in connection with 
the description of nuts called J. siowcensis (Barbour) Berry 
(1926, fig. 7) from the Oligocene of Nebraska. 'The map shows 
the known past range as including only the southern, warmer 
parts of the North Temperate zone and a small spot north of 
the Arctic Circle in southwestern Greenland. In time this 
distribution spans the interval from mid-Cretaceous to Pleisto- 
cene and Recent. Many of these records are based on identifica- 
tions of foliage, sometimes very fragmentary, and are, there- 
fore, probably not so reliable as those based on nuts. "The 
earliest fossil nuts, recognizable with certainty as walnuts or at 
least as being closely related to walnuts, are some as yet unde- 
scribed specimens from the Paleocene of Montana, Wyoming, 
and Colorado. Associated with them are impressions of leaflets 
definitely attributable to the walnut family. From the Paleo- 
cene onward the record of walnuts becomes even more prominent 
both in America (Berry, 1912-1934) and abroad. After the 
late Pliocene, however, climatic changes shrank the area of 
distribution of the genus and localized the present living species. 
Whether the number of species has, in consequence, decreased, 
is unknown; but, according to Dode’s account of Juglans, there 
seems to be considerable hybridization among living walnuts, 
presaging the emergence of new species. 

Related to Juglans are the genera Carya, Engelhardtia, 
Oreomunnea, Platycarya, and Pterocarya, the entire group 
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constituting the walnut family, Juglandaceae. The last four 
genera have few species and are distinguished by bearing winged 
fruits. Together with Carya they have a much more restricted 
present distribution than Juglans, but all are represented in the 
fossil record from the Eocene onward. 

The Juglandaceae are monoecious, the greenish, inconspic- 
uous staminate and pistillate flowers being separate but on the 
same tree. The staminate flowers are in aments or catkins, the 
pistillate solitary or in few-flowered spikes. This simple 
arrangement reflects an adaptation to wind-pollination, as in 
most Amentiferae. Do these reproductive and other structures 
of the walnuts indicate primitiveness or reduction from more 
highly evolved forms? Botanists today seem to favor the reduc- 
tion hypothesis, the case for which has been stated by Robert- 
son (1904). То this may now be added the testimony of the 
fossil record. The presence of recognizable walnuts in the 
Paleocene presupposes some evolution of Juglans during the 
Cretaceous. However, until better evidence than the indefinite 
mid-Cretaceous foliage now assigned to Juglans is found, there 
is justification for believing that the genus as we now know it is 
a late or derived rather than an early phenomenon among 
dicotyledons. 
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A BURIED CHANNEL OF THE ST. 
LAWRENCE RIVER. 


ALICE E. WILSON. 


HE east end of Barnhart Island in the upper St. Lawrence 

is about three miles west of Cornwall and is the proposed 
site of the big dam and power-house of the St. Lawrence Power 
and Waterway project. The island is approximately three 
miles long. Geographically within the State of New York, it 
was bought by Federal Government of the United States when 
the first serious investigations were made concerning the inter- 
national power and waterway project. North of the western . 
half of the island and roughly paralleling it, lies Sheek Island 
on the Canadian side of the river. For more than a mile above 
the two islands the river is a rushing, foaming rapid, the Long 
Sault. Above the rapid the Cornwall canal leaves the river on 
the north side and again joins it below Cornwall. 

Where the river touches Sheek and Barnhart Island it divides 
into three channels, and the rapid becomes less turbulent. Two 
of the channels are shallow, that to the north of Sheek Island 
where there is now a dam and small power-house, and that 
between the two islands. The latter is the private preserve of 
gulls which fly to the upper end, float down the rapid and then 
circle back again, apparently with an enjoyment almost human. 
The third channel, south of Barnhart Island is the ‘deep chan- 
пе? down which float the steamers ‘shooting’ the rapids. 

The proposed position of the first section of the new canal 
lies south of the river, along a natural depression that runs west 
from near the mouth of Grass river. Between the proposed 
canal and the present St. Lawrence river, deeply buried beneath 
glacial debris, is the former channel of this part of the river. 

Some years ago the writer was assigned the geological map- 
ping of the Cornwall map sheet. The southern part of the area 
has very few outcrops. The boiling Long Sault above Barnhart 
and Sheek Island and the lesser rapids on either side of them 
suggest rock near the surface in the river bed. But it was 
found by drilling that boulders form the floor of the river. In 
some places the bedrock lies at a considerable depth below this 


1 Published with the permission of the Director, Mines and Geology 
Branch, Department of Mines and Resources, Ottawa, Canada. 
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boulder bed. The surrounding country in most places is deeply 
covered by sediments of the Champlain sea, by glacial debris 
reworked by the Champlain sea, and by terminal moraines and 
drumlins. The few outcrops of limestone here and there on 
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the north shore are of late Chazy age. The exposures on the 
Canadian side are all shown on the outcrop map issued in 1941 
by the Geological Survey of Canada. Fortunately for the 
geological interpretation both Canadian and United States 
engineers, as well as those of Hydro Electric Power Commission 


Text Fig. 2. Bed rock contours and bore-holes, shown in feet, of rocksub-surfaced near Cornwall, Ontario. 
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of Ontario, made many borings up and down the Ontario and 
New York shores and in the river bed itself. The elevation 
above sea-level of the bedrock in each boring was recorded and 
its position indicated on a map. All this information was 
readily made available to the writer, with the blue prints of the 
map. The records of the borings were examined and in most 
cases the cores themselves. During these first years of investi- 
gation most of the drilling penetrated bedrock from ten to 
twenty feet only. In the early years of World War Two, before 
the United States entered the conflict, investigations were again 
undertaken by the United States Engineers and some new infor- 
mation was added regarding the subsurface bedrock. 

In studying the records and the blue prints in an attempt to 
visualize the form of the ancient rock surface it was noticed 
that on the mainland, south of the ‘deep channel,’ were a number 
of low rock elevations, not scattered at random but grouped 
so that they form a band of varying width, outlining a former 
course of the channel. 

This low outline crosses the peninsula-like stretch of land 
from south of Massena Point to Robinson Bay. "To reconstruct 
this ancient surface and to compare it with the present one a 
contour map of the bedrock surface was made. It is recognized 
that different individuals might readily unite points of equal 
elevations in different ways, hence the drawing of the contours 
was presented as a problem to several persons. The variations 
were so slight as to be almost negligible. The subsurface con- 
tour map was later revised according to the additional infor- 
mation brought to light by the more recent investigations. The 
revision extends the area a little farther east and not quite so 
far north. The main additions to this small region have been 
subtractions rather, and are on the north shore, for the eleva- 
tions there are a little more gradual than at first supposed. 
The later information, however, in no way changed the apparent 
relationship of the ancient river bed to the present one. In a 
few minor instances the writer’s interpretation varies slightly 
from that shown in the contours of the subsurface in the recent 
blue prints, but there is a reason for these variations in each 
case. 

The subsurface has a low relief, the maximum difference in 
elevation being only about 90 feet. A broad channel is shown 
with its lowest part south of the present ‘deep channel? A 
cross section of the valley from its lowest contour to its highest 
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contour shows a rise of barely 20 feet in half a mile, and then a 
rise of approximately 70 feet in half.a mile. Towards the east 
the valley widens considerably. Beneath the city of Cornwall, 
not shown on Figure 2, there is a narrow line of low elevations 
which suggest an ancient stream flowing into the river from a 
northeasterly direction. United States engineers, I believe, have 
found another line of low elevations still farther to the south. 
It has not been determined how or where it connected with the 
main St. Lawrence. | 

The highland of Barnhart Island is fore-shadowed, and the 
gradual rise on the north suggests the present northern bound- 
ary of the river. The few existing exposures of bedrock are 
along the higher contour of this buried bank. Two peculiar 
ridges (A and B, Pl. 1) of higher land cross the upper half of 
the area roughly at М. 45 degrees Е. These ridges are two of 
a series, several of which cross the river elsewhere at approxi- 
mately the same angle. A number of low knobs are scattered 
over the subsurface, all oriented in the same direction as the 
ridges. They probably owe their orientation to glacial move- 
ment, perhaps modified by the course of the river. No glacial 
striae have been found on the few outcrops, but elsewhere in 
the general district they have a northeast direction. There is 
an irregular trench north of the east end of the embryo Barn- 
hart Island, fore-runner of the channel between Barnhart and 
Sheek islands. Its western end is the steep slope of ridge A. At 
its eastern end it has an outlet to the main river channel through - 
a narrow gorge cut across ridge B. -Though very much smaller, 
the nature and direction of the trench are somewhat similar to 
the cut at ‘The Gulf,’ Covey Hill, Quebec and New York State, 
and it may have a similar origin. The present much narrower 
channel between Sheek island and the mainland was evidently 
cut after the deposition of the glacial debris. Beyond the north- 
west corner of the area, shown in Text Fig. 2, just north of 
contour 160, there i$ à curious deep depression which, as far as 
can be seen, does not connect with the trench. Neither the two 
peculiar ridges nor this curious depression can be interpreted 
without further information over a wider area. 

But the feature of most interest here is a small but abrupt 
elevation a little south and east of the southern tip of Robinson 
Bay. The reason for the preservation of this knobby ridge is 
not clear. The country rock is Beekmantown dolomite which ` 
suggests no variation in resistance. But this knob apparently 
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played its part in the subsequent history of the region. From 
this highest elevation the southern boundary of the ancient St. 
Lawrence valley has a very gradual slope to the east. The deep- 
est part of the old channel lies just to the north. | 
Two relief maps were made of exactly the same area. That 
of the present sürface was built up from the existing Canadian 
and United States contour maps. The relief map of the sub- 
surface.was built up from the reconstructed contour map of 
rock elevations before the recent revision, which revision, as 
mentioned above, in no way changes the main features. These 
two maps are photographed on Plate 1. 
. A comparison of the two shows the development of Sheek and 
Barnhart islands. It also shows that the former lower part of 
the channel now lies buried beneath a deep overmantle. The 
present depression lies south of it. Why this reversal of eleva- 
tions? | 
` One explanation may be that the curious knob of high land 
southeast of Robinson Bay was an obstacle in the path of gla- 
cier movements. Debris was dropped in front of it, fanning out 
towards the east and resting against the comparatively high 
slope of the south bank. The material deposited would itself 
prove a further obstruction to a dying glacier. The debris filled 
the channel to the north and piled up higher and higher. This 
glacier ridge, roughly east-west in direction, now covers the. 
peninsula-like section between Grass river and Robinson Bay. 
Its southern boundary slopes down towards the buried rocky 
bank of the old channel. Along this southern margin is the 
present depression, occupied by & stream practically flowing om 
top of the former channel shore. The present stream owes its: 
origin to the. combined effect of the subsurface contours and the: 
glacial deposits, though since its inception it has, of course, fur- 
ther eroded the glacial debris. 

The proposed entrance of the new canal, as indicated on the 
published map, is in the present depression at the mouth of this 
stream. The peculiar knobby ridge southeast of Robinson Bay: 
is not very conspicuous on the present surface, but it continues: 
to impress its will on man as well as upon glacial material. The 
old channel and the new canal converge as they approach the- 
obstruction but they do not meet. The ancient channel passes to; 
the north. The new canal in its course south of Robinson Bay; 
must bend southerly to pass it by. | 


СкотоотсА Sunver ОР САМАРА, 
Orrawa, CANADA, 


RATE AND MASS ОЕ DEEP-SEA 
SEDIMENTATION. | | 
РН. Н. КОЕМЕМ. | | 


ABSTRACT. The average rate of deep-sea sedimentation as found by 
several independent methods is found to agree very satisfactorily (see 
table II). Several independent methods for estimating the total mass of 
deep-sea sediment show results of the same order of magnitude. Former 
estimates showed divergencies of some 100,000 times. ‘These hopelessly 
wide limits are now reduced to about one in four (see table IV). 


A. RATE OF DEEP-SEA SEDIMENTATION, 


STIMATES of the rate of sedimentation in the deep-sea 
have differed to such ап’ extent that the total mass of 
sediment on the ocean floor has as yet not been evaluated 
to general satisfaction. On the one hand it has been held that 
the dredging of Tertiary sharks’ teeth proved an almost total 
Tack of deposition over areas occupied by red clay and therefore 
over most of the deep-sea floor. Others, like Murray and Hjort 
(1912, p. 170), calculated a rate of deposition for globigerina 
ooze of 2 to 5 cm. per 10. years from the state of preservation of 
transoceanic telegraph cables. There is nothing to show that 
the former observation gives a fair picturé of average condi- 
tions, for a bottom current may reduce or even entirely pro- 
hibit deposition on certain limited areas while elsewhere in still 
‚ water the sedimentation could be infinitely quicker. The second 
method leads to an impossibly high figure and is evidently 
based on erroneous interpretation; the heavy cable sinks into 
and thus becomes embedded in the mobile sediment, but it is not 
covered by deposition in a few years time. 

We аге now in a much better position to judge. the rate of 
abyssal sedimentation, as three or four independent methods for 
measurement are available and these give comparable results. 

Schwinner (1986, p. 149) evaluated the total fall of meteor- 
itic dust on tlie earth at 500 tons per year. ' Using the measured 
content of nickel iron and silicate spherules in red clay and 
globigerina ooze he found a rate of sedimentation of 0.2 cm. 
and 4 cm. per thousand years respectively. Schwinner added а 
correction for oxidation and decomposition of the globules, and 
compaction. The rate of sedimentation should possibly be 
divided by about three.’ In the opinion of the present writer 
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this correction is not justified. Murray and Renard described 
the crust of magnetite developed around the meteoritic iron 
during the passage through the atmosphere. The cupule result- 

-'ing from the contraction of the molten outer crust is generally 
clearly marked. The presérvation of these exterior character- 
istics is strong evidence against a subsequent attack on the 
spherules by weathering in the seawater or on the sea floor. 
The correction introduced by Schwinner will therefore be 
discarded. 

On the other hand the authors of the Challenger Report 
point out that the red clays, in which the quantity of spherules 
was determined, contained a relatively large &mount of rare 
products such as shark’s teeth, etc. In other red clays a much 
smaller amount of meteoric dust occurred. The figure calcu- 
lated by Schwinner is consequently well below the average for 
all red clays. I will therefore take twice the rate of deposition 
for red clay, that is 0.4 cm. per 1000 years as the outcome of 
the “meteorite method". 

Lohmann (1909) chose & similar method but used the pro- 
duction of coccoliths as basis for his calculation. 

For a sediment rich in these particles (360%) he found a 
rate of deposition of 0.1 cm. per 1000 years. (According to 
Correns (Symposium, 1989, p. 388) the original estimate of 
0.2 mm. was halved.) As globigerina ooze contains on an aver- 
age &bout 1/10 to 1/20 of this amount of coccoliths—as far 
as I have been able to ascertain—the rate of deposition would 
amount to 1 to 2 cm. per 1000 years. 

- W. Schott (1939) used а general stratification of the deep- 
sea deposits in the tropical Atlantic and southwestern Indian 
Ocean. Taking the upper stratum as representing Post- 


Тавік I. 


Sedimentation according to Schott, in centimeters. 








Blue mud Glob. ooze Diatom ooze Кей clay 

[ АН. О. 86 24 17 

Average Thickness 
Ind. O. 12 : 11 








and largest per 


Smallest, average, [Atl О. 0.91888 0.5 1921 <05 <0.9 1. 
1000 years. 


Ind. 0. 080610 080507 
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Glacial time, thus having been formed in 20, 000 years, he found 
the values given in table I. 

The lower values of the Indian Ocean are attributed by 
Schott to a smaller contribution of sediment from the conti- 
nents. But the thickness of the Post-Glacial layer increases 
northwards in the Indian Ocean. It is 6 cm. at the southern 
boundary of the globigerina ooze, increasing to 15-20 cm. at 
40° Southern latitude. It appears likely, therefore, that around 
the equator the Atlantic average of 24 cm. is attained also in 
the Indian Ocean. Probably the southern margin of the globiger- 
ina ooze has gradually migrated southward. The Post-Glacial . 
stratum would thus represent an eyer shorter period on 
approaching higher latitudes. This interpretation appears 
more probable for a pelagic deposit, as it is only in minor degree 
dependent on supply of terrigenous matter. | 
` Piggot and Urry (1942) recently developed by far the 
most accurate and trustworthy method of calculating the rate 
of deposition. ‘They determined the radioactivity at a large 
number of points along deep-sea cores. The activity is caused 
by a constant amount of uranium and by an additional amount 
of ionium and radium. The latter two elements are reduced in 
time from their initial ratio to the amounts that are in radio- 
active equilibrium with the available uranium. The authors ` 
mentioned show how mathematical analysis of the variation of 
radioactivity with distance from the surface in the sample core 
leads to a dating of each point analysed. The younger parts 
can be dated to within one or two hundred years. Thus for 
the same volcanic ash in two samples an age of 13,300 and 
13,100 years are found. The greatest age that can be ascer- 
tained with any degree of accuracy is 800,000 years. | 

The assumption is made that the ratio in which uranium, 
ionium, and radium are deposited at any one place in the oceans 
has remained constant during the period represented in the 
sample, although a different ratio is found for various areas and 
various types of deposit. The objection might be raised, that 
sedimentary petrography shows how in general the и 
variation is greater than the horizontal variation. Therefore 
a gradually or abruptly varying ratio for the three elements 
at one point of the sea floor might appear more probable. It 
should be kept in mind, however, that most of the factors caus- 
ing vertical variations in continental sediments do not influence 
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pelagic deposits. Much thicker strata may form on the floors 
of the ocean, without alteration in the nature or distance of the 
. source, than in continental basins. Moreover, the deposition of 
the radioactive elements has not yet been elucidated, but is 
evidently not that of normal settling of particles, What factors 
would cause variation in the ratio of deposition can thereforé 
not yet be evaluated. Finally the very regular curves represent- 
ing the radioactivity with depth ascertained by Piggot and 
Urry, even where lithological strata are passed, form strong 
evidence in favor of their assumption of а constant ratio of 
deposition at the site of each bottom sample (core). 


Up'to the time of writing only а few cores have been treated. 
by this method. The results for a core of red clay taken 500 
km. off the coast of California is 0.5 cm., and for a globigerina 
ooze in the-Caribbean sea of 0.6 cm., per 1000 years. In the 
northern Atlantic the blue mud close to the coast of Newfound- 
land, at the end of the Labrador current, shows 24 cm. per 1000 
years and another core to the east of the Mid-Atlantic ‘ridge 
11 cm. In the center of the western basin the average rate for 
a terrigenous globigerina ooze was ascertained at 4 cm. per 
1000 years. . 


In the Eást Indies Miss Neeb (1948, p. 284) v was able to 
recognize the volcanic ash deposited from the eruption of the . 
Tambora on Soembawa in 1815 and that of the Oena Oena vol- 
cano in the Gulf of Tomini of 1899. Four Tambora samples 
showed an average deposition of at least 28 cm. in 115 years, of 
which half was volcanic, one third terrigenous materials and one 
tenth lime. The rate of deposition is thus found to be 200 ст. 
per 1000 years, of which 100 cm. are ash, 75 cm. terrigenous, 
and 20 cm. CaCO, (coral, limestone detritus, pelagic tests, 
etc.). An Oena Oena core showed 2 cm. in 30 years or 66 cm. 
per 1000 years. 


The average.of 90 cm. non-volcanic material per 1000 years 
is probably too high for the whole Moluccan area, as the samples 
were taken close to larger islands (north of the Lesser Sunda 
Islands and between Borneo and Celebes). 

Only in the one core of Oena Oena material could Miss Neeb 
determine the rate of sedimentation of globigerina tests. She 
found 0.072 cm. per 30 years or 2.4 cm. per 1000 years. As 
globigerina oozes contain—besides tests—a- certain amount of 
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terrigenous matter, a figure of 9 cm. per 1000 years may be 
assumed for that type of deposition in the East Indies. 

Kuenen (1943, p. 31) attempted to estimate the average 
deposition from the denudation in the Moluccan area. He 
obtained 50 cm. terrigenous matter., For estimating the aver- 
age rate of sedimentation of tests, shells, etc. in the Moluccas 
we can use the average percentage of CaCO,, 19.776 (against 
45.9% for all Challenger samples). This amount must be some- 
what too high, because the calcareous matter is deposited more 

‘slowly and is therefore overestimated. On the other hand 1.4% 
must be added for siliceous organisms. Therefore 19% CaCO, 
will be assumed. Added to the 50 cm. terrigenous matter we 
obtain 62 cm. per 1000 years for blue mud. Аз detrital lime is 
included twice by this method 60 cm. is the ultimate figure. 
Using the percentage of volcanic ash in the sediments and start- 
ing from the estimated contribution by volcanoes, double this . 
amount is found, but this method is more open to doubt. Hence 
the figure of 70 cm. per 1000 years for blue mud will be assumed. 
(For all deposits including volcanic matter 80 cm.) 

Revelle and Shepard (1989, p. 278) deduced. the rate of 
sedimentation in basins off the Californian coast at 25 cm. per 
1000 years from the denudation. Аз loss to the open ocean 
should be subtracted, a figure of 20 cm. per 1000 years appears 
more probable. 

In the Black Sea (Trask 1989, р. 488) a yearly rhythm of 
0.2 mm., consisting of a light and a dark stratum, is found in 
bottom samples. The rates of sedimentation obtained by -the 
examination of core.samples all need a correction. The strata 
on the sea floor are reduced in thickness on being forced into 
the sampler. Piggot and Urry established experimentally that 
this reduction is of the order of 20%. 

The results obtained by: the vàrious methods are ТЕРЕ 
in table П. 

The averages of the rate of sedimentation for each of the 
various types of deep-sea deposits as found by independent 
methods fit each other remarkably well. The divergence of 
estimates that used to run to at least 100,000 times, now 
appears to be reduced to 5 times for red clay or globigerina 
ooze. The larger divergences for blue mud are, doubtless due 
to actual differences in the rate of sedimentation in various 
localities. Even the rates of deposition calculated from denuda- 
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| ТављЕ 11. 
Rates of oceanic sedimentation according to various methods. 


Red clay Glob.ooze "Blue mud Diat. ooze 














Meteorites .......... ОТЕ 0.4 4 

Coceoliths оова 1-8 

Glacial strata 

(АЧ. + Indfan) .............. 0.9 LO 18 0.5 
Corrected ..... Scar AC een P ec A 1.1 1,8 22 0.6 
Radioactivity .................. 0.5 0.6 (4) 20 (24) 

(Atl. Pacific) 

Corrected ..................... 0.6 0.7 (4.8) 19 (29) 
Moluccas ..................... " 8 95 

Corrected ..................... А 36 110 . 
Calculated .................... . 70 

Yearly rhythm . 

(Black Sea) .................. 20 

Corrected ..................... 24 

Off California 


Calculated ................. Nas 80 


tion, are in fair accordance with the values found by measure- 
ment for the same region. 

The principal need at present is for more extensive applica- 
tion of the method used by Piggot and Urry, especially to red 
clays from the central Pacific and deposits from the southern 
' oceans. Nevertheless the order of magnitude is now established 

beyond doubt for the Quaternary period. 

. A vexed problem is whether the present rate of pelagic sedi- 
mentation is representative of the whole geologic past, or at least 
since the Precambrian, or whether the high relief of the conti- 
nents and the Glacial Epoch have caused as great an increase 
of sedimentation in the deep-sea as must be assumed for denuda- 
tion on land. | | 

Reasons were given in my paper of 1941 for strongly doubt- 
ing that the glacial epoch has caused a substantial increase 
іп pelagic sedimentation. ‘In my opinion an average rate of 
deposition in the deep-sea of 0.5 cm. per 1000 years for the 
geological past is the best estimate that can at present be made. 


B. MASS OF DEEP-SEA SEDIMENTATION. 
The most important method for estimating the total amount 
of sediments in the earth was employed by Clarke (1924, pp. 23- 
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86). First the average composition of igneous rocks is deter- 
mined. From the average composition of shale, sandstone, and 
limestone the relative amounts of these products of weathering 

. are ascertained. It is then found that a large proportion of the 

` sodium is missing from the sedimentary rocks. The sodium in 
the oceans is supposed to represent the leached-out material 
that has gradually accumulated during the weathering of more 
and more igneous material. By a simple calculation the known 
store of sodium in oceanic waters is then converted to the total 
mass of weathered igneous rock. Clarke’s conclusion was that 
3.7 x 108 km.? of sediment is the highest figure possible. 

Goldschmidt (1988) averaged a number of Norwegian 
boulder clays and assumed that these must give a fair picture 
of the average composition of the earth’s crust. He found 
almost the same composition as Clarke had calculated. 

But later Kuenen (1941) pointed out several corrections that 
should be applied to Clarke’s calculations, and in consequence 
the minimum amount was found of 51% х 108 km.’ Incidentally 
a much closer resemblance between assumed source material and 
resulting sediments was obtained (see table III). 








Тавље III. 
Average composition of rock 
I II III IV У УТ УП VIII IX* 
| Red Terrig. Globig. All Фа. 


Shale Sandst. Limest. clay · clay ooze Source sediment ference 


SiO, 5811 7881 519 5448 57.05 2664 5788 5816 + м 
AlO, 1540 476 081 15.9% 17.22 975 1568 1598 4 1% 
РО, 6.70 140 054 960 760 875 817 854 +5 





nO trace trace 0.05 0.99 0.12 0.27 0.17 0.84 P+ 
MgO 2.44 1.16 7.89 8.81 2.17 1.88 8.77 8.58 — 5 
CaO 8.10 5.50 42,57 1.96 2.04 28.87 5.87 6.26 7 
NaO 1.80 0.45 0.05 2.05 1.05 0.98 8.47 1.89 AS 
ко 8.24, 1.82 0.38 2.85 2.25 1.82 2.59 2.82 +9 
TiO, 0.65 0.25 - 0.06 0.98 1.27 0.29 0.98 0.94 — 5 
РО . 0.17 0.08 ° 0.04 0.80 0.21 - 0.18 0.28 0.26 — 8 


* Differences between column VII and VIII in percentage of each constituent of 
the source material. Я 
T Large discrepancy owing to reasons given іп my paper of 1941. 





Several considerations were brought forward by Kuenen 
(1941) that render an even larger total mass of sediments prob- 
able. We will accept 7 x 10* km.? as the outcome of geochemi- 
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cal calculation for all sedimentary material in the earth’s crust. 
For the deep-sea deposits 5 x 108 km.? is thus established, 
because continental sediments are of the order of 2 х 109 km. 

А second geochemical trend in sedimentation was indicated 
by Steidtmann. The relative amounts of the various types of 

sediment as measured in a large number of sections is found to 
be very different from that calculated by Clarke. If this method 
is applied to the data assembled by Kuenen (1941) the following 
results are obtained. The calculated ratio of shale: sandstone: 
- limestone is 20: 3: 2 and the measured ratio is 20: 12: 14. И no, 
lime had been deposited in the deep-sea the loss of clay and 
quartz to that environment would amount to 74% of the source 
material. Taking the total mass of sediments on the continents 
as 2 x 10? km.? the deep-sea sediments would amount to 6 x 108 
km.’ To this must be added 1215 times the volume of calcare- 
ous matter deposited in the deep-sea, or roughly 21% x 10° km.? 
This method leads us to a total mass of deep-sea sediment 
" measuring 814 x 108 km.? 

A third method is to estimate the total amount of denudation- 
and to add production from volcanic eruptions (Kuenen, 1937). 
The outcome by this procedure is 10 x 10% km.’ Admittedly this 
figure is only a very rough estimate, but it goes to show, that 
no inadmissible assumptions are réquired to account for a total 
mass of sediment that is several times 10? km.? . 

A fourth method of approach is by the percentage of ТО, 
and P,O, contained in the source materials and in various, types 
of sediment. From our table ПІ it will be seen that, compared 
to the source material, the continental deposits, shale, sandstone, 
and limestone, show a marked deficiency in both these elements. 
In order to balance this loss a considerable amount of terrigen- 
ous deep-sea clay is required in the case of titanium, and an 
even larger quantity of red clay in the case of phosphorus. 

The accuracy of the data does not appear sufficient to war- ` 
rant an exact calculation of the amount of deep-sea deposits 
from these two elements alone, but one may conclude that the 
volume is several times that of the continental sediments. With 
Clarke’s original estimates no less than 50 and 40% of the TiO, 
and P,O, contained in the source material is unaccounted for. 
Only by incorporating an ample mass of deep-sea deposits can 
the geochemistry of these two constituents be brought into 
balance. | 
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"The fifth method for estimating the total mass of sediment is 
to use the rate of sedimentation of deep-sea oozes and to multi- 
| ply this by the age of.the earth: As the relief of the continents 
is greater than was generally the case in the past, and as epi- 
continental seas are at present poorly déveloped, a smaller 
average rate of sedimentation will be assumed for the past. From 
table II an average rate of sedimentation at present in the 
deep sea (in which red clay plays a predominant part) of 
] сш. рег 1000 years follows. An estimate of Vo em. for the 
· past appears a reasonable deduction. Calculated as solid mass | 
this would come to 1/7 ст. рег 1000 years. In the course of 
2х 10° years this would amount to.2.9 km. This works out at 
- 810 x 108 km.? . 

' Tu order to illustrate the surprising —á between the 
5 independent estimates of the total mass of deep-sea deposits 
on the floor of the oceans, the results: are Drought: together in , 
talble IV. | 

Тлавге IV - 


; Total mass of déep-sea deposits according. to various s methods of 
calculation (without PUn. ; 


1. .From the Ма in the ocean ............................. 5 x 10° km? 
2. From the composition of continental sediments ......... 8.5 x 10° km* 
8. From denudation and volcanic eruptions ...... EM 10 х10° km* 
4. From the geochemistry of TiO: and Р.О, ... several times 2x 10 Ки 
5. From the rate of sedimentation О бе weve, 85x 108 km* 


It.is difficult to say which of these results may be а 
‘most trustworthy. The last method certainly starts from the 
most definitely established figures, viz. the present rate of sedi- 
mentation. But the extrapolation over earlier periods with 
different climatic and physiographic conditions is open to 
doubt. Although the present &uthor is inclined to believe that 
pelagic sedimentation is not open to such large variations as : 
continental deposition, one cannot feel quite safe on this score. 
The third and fourth methods are definitely no more than 
checks that can only confirm the conclusions from other sources 
in а general way. It is gratifying in any-case that no flat 
‘contradiction is encountered. The second. method is capable of 
yielding fairly trustworthy results, but more accurate knowl- 
edge of the composition of continental sediments is needed. It 
is most improbable, however, that future corrections would bring 
alterations in the order of magnitude. The first method has the 
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advantage over the fifth of not involving зен in the way of 
extrapolation on major points. But the initial composition of 
the oceans is postulated as fresh without proof. Furthermore 
the sodium content of the deeply-buried oceanic sediments is: а 
point on which we are not sufficiently informed. But here again ' 
a drastic change in the estimate is not probable. All the cor- 


‚ rections added by Kuenen amounted only to trebling the amount 


~ 


deduced by Clarke. Concerning the sodium method it appears 
to the present writer that the extrapolation—involved in the 
use of present pelagic sedimentation—to early penod; eyen 
beyond the Cambrian is amply justified. 

In conclusion, the total mass of deep-sea deposits is estimated 
at six to eight times 108 km.® The thickness of the strata on 
the ocean floor must be between 1 and 5 km., most probably 
‘around 3 km. 
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КАМЕ- COMPLEXES AND PERFORATION 
DEPOSITS 
JOHN H. COOK. | 


ABSTRACT: The plural “kames” implies a singular “kame”; but, since 
“an assemblage of kames” ів a unit formation, it would. make for clarity 
if it were recognised as such under the name of kame-complez. Many of 
_the single, unattached mounds, frequently called “isolated kames,” have had 
а unique origin; and for them a denotative term, perforation deposits, is 
proposed. 

The probable mode of origin of these perforation deposits is discpssed 
first, since they are sometimes one of ће elements making up a kame- 
complex. 

' The several processes whose combined action produces one type of kame- 
complex (the kame-moraine) are stated; and an attempt is made to eval 
uate the relative importance of each process. - 
` Other types of kame-complex await ` further study to detérmine ер 
пева 


Na ей of deposits overlying the till of Scotland, 
James Geikie (1874) introduced into the literature of 
geology the word kame, a term that has been a prolific source 
. of mischief. Being descriptive of form only, it was much too 
inclusive: any hillock of glacial materials might be called a 
kame irrespective of its content, stricture or mode of origin. 
Although | any attempt to formulate a definition of the whole 
group is foredoomed to end in absurdity, definitions" of kame 
and kames have been attempted; they still find. place in diction- 
&ries (1941) (1948). And, while in one textbook (Longwell, 
Knopf and Flint, 1989) the word appears but'once (in the 
index: “see knoll”) ; in another (Emmons, Thiel, Stauffer and | 
‘Allison, 1989) the circumstances under which “kames” are 
formed are not only stated. but pictured. It is evident that:. 
1f the several origins of these heaps of. glacial materials are 
to be inquired.into profitably, it will be necessary either to 
discard Geikie’s term altogether, or to clarify its meaning; 
for to -proceed on thé assumption that glacial knolls are all 
alike, and that a. description of any one kind will stand as a 
description of all, is to commit an unpardonable наны 
Let us first, then, attempt clarification. 
The word kame is & variant of coomb or comb; and just how 
the people of Scotland’ and the north of: England happened 
to be using it when it was taken into the terminology’ of 
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geology, is beside the point—even supposing James Geikie 
understood the current usage correctly. A strictly etymologi- 
cal approach to the problem, such as that made by J. W. 
Gregory (1912), yields meagre results (and those misleading). 
Back of words are concepts, i.e. pictures that the speaker or 
writer hopes to convey tn their entéreties; but the modifications 
undergone by concepte are many and varied (extension, inten- 
tion, transfer, ефе.) and, even in living speech, we recognize 
“meanings” that are tropical, figurative, secondary and derived. 
In other languages of the Indo-European group the words most 
closely related to coomb signify а molar tooth, and (by exten- 
sion) anything suggestive of the crown of & molar tooth. 
Different words were used for pointed teeth ; and the ridge-and- 
hollow character of & molar crown was evidently familiar 
enough to serve аз the sign for & concept whose underlying 
significance can be well enough expressed by an undulatory 
wave of the hand. 

No single hillock is sufficiently suggestive of this progressive 
up-and-down-ness to have justified its being denoted by the 
primitive word-symbol, а symbol that has been used to denote: 
в serrate skyline, the comb of а barnyard cock, the wards of а 
key and (among adjectives) the quality: crooked. Yet, 
though it would hardly be applied to a single hillock, it could 
have been applied, in all appropriateness, to any area of sag- 
and-swell topography such as was called by Geikie “an assem- 
blage of kames.” 

Now, whether or not. the testimony of aseri îs reliable, 
it is +оо late to ask that “an assemblage of kames” be here- 
after known as “a kame” or “a coomb”; во, in the discussion 
to follow, we shall call such an “assemblage,” a kame-complex, 
with the understanding that 4 complex is a unified whole, and 
in no sense an association of discrete units. 

Another type of hillock recognized by the same author, is the 
‘Gsolated, solitary mound.” Geikie avoids using the term 
kame for such hills: he calls them merely mounds, cones or 
conical hills; and, while a common origin for all solitary 
mounds cannot be taken for granted, certain of them have 
been formed by the collapse of columnar masses of detritus and 
may be grouped together under the name perforation deposits. 

A considerable number referable to this class has been found, 
of which three comical examples had been opened from peak 
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to base, exhibiting a structure which demands for its explana- 
tion: a cavity or vertical shaft through the glacier, of 
unknown depth and without any outlet for water at the bot- 
tom. 'The cores are composed of cross-bedded sand with a 
high-angle dip as though spilled in from a height; and these 
beds are covered by an enveloping layer in which the dips are 
predominantly parallel to the sides of the cores, as though, 
after deposition of the latter, more sand had fallen down over 
the apex. Fifteen years ago the writer failed to appreciate 
fully the significance of these solitary conical hills (Cook, 
1980) : it was recognized that they were deposits made at the 
bottom of ice-shafts (probably, it was thought, abandoned 
moulins) but why the fill did not run on into an (assumed) 
outlet-tunnel remained a mystery. 

It now appears that there are in stagnant glacial ice such 
things as vertical shafts that are not moulins, and that have no 
bottom outlets. They are today being gradually deepened in 
the stagnated termini and piedmont expansions of glaciers 
wherever an insulating blanket of detritus has, for any reason, 
accumulated on the surface of the ice. Eventually, it may be 
presumed, they will perforate their glaciers and permit the 
detritus to fall to the basement. Described in 1891 by Russell 
(1891), they were given a somewhat fuller treatment in 1902 
by W. 0. Crosby (1902); and the manner of their formation 
can be inferred from a recent paper by the writer (1946). 

The temperature of meltwater at 0° Cent. cannot be raised 
by contact with warmer air more than about 3.9° Cent. as 
long as it remains in contact with ice; and, because of the poor 
thermal conductivity of water, heat “absorbed” by a pool from 
warmer air, would remain at the surface for an indefinitely long 
time, were it not for the fact that, within this narrow range (0° 
to 3.9°), the water’s density increases as its temperature rises. 
Just before the temperature reaches 4° Cent., the surface water 
sinks to the bottom and all its heat in excess of 0° Cent., is 
expended in melting the ice. When heating of the surface 
stops, the bottom water soon parts with its excess heat and the 
pool is again in thermal equilibrium with the ice. 

Ordinarily, the ablation of ice exposed to the air (in which 
constant evaporation plays a large part) is so much more rapid 
than the slow process of melting below a water level, that the 
effects of the latter are negligible until the rate at which 
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ablation has been progressing is somehow checked. This occurs 
ordinarily when detritus accumulates on the glacier, as when a 
blanket of “ablation moraine” becomes thick enough to interfere 
seriously with evaporation. When this stage is reached, the 
penetrating shafts become notable features of any topography 
underlain by stagnant ice. They are necessarily full of water 
to the level of a (probably concealed) sill; and the lakelets 
appearing here and there in the midst of the covering of débris 
(Text Figs. 1 and 2) are often surprisingly deep. Crosby says 
that on the Malaspina glacier some have already attained a 
depth of “fifty to one hundred feet or more” (ref. p. 19). 





Fig. 1. The stagnant end of an Alaskan glacier (Chitina), covered with 
ablation moraine. Slow reduction of the ice-surface is causing the blanket 
of débris to settle into each more rapidly ablating area (outlined by 
arcuate bluffs). Several of these areas have deepened until the débris has 
been carried down out of sight in shafts now marked by pools. Eventually, 
these pools will perforate the glacier. From a photograph by Bradford 
Washburn. 


bari as CU ee ge M NN 











ШШ A ШП А] ЕНШЕ) [ү if | 
а meat М8 ЕТА inh : 
Ei c 


Fig. 2. Cross-section of a perforating basin and its contained detritus 
and water. The basin is deepened by heat absorbed at the surface of the 
pool and carried down as fast as the water's temperature is raised from 
0° Cent. to its point of greatest density (about 3.9? Cent.). After I. C. 
Russell. 


Masses of débris carried into a lakelet do not arrest the 
deepening of its basin, though they may affect the direction 
taken by the shaft; and insulation of the side walls is impos- 
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sible as long.as the basin contains any water. А filling of 
cobblestones would offer little opposition to the vertical descent 
of heatt-carrying water, while а layer of rock-flour or very fine 
sand, being an impenetrable barrier, would deflect its movement 
horizontally. | 

Presumably, the development of shafts may begin at any time 
until the glacier has been reduced locally to the final stages of 
dissipation; and those that are formed late are cavities* rather 
than shafts. When cavities are obliterated, as such, by sedi- 
mentary fillings, the fillings remain, after the ice has gone, as 
platforms. Besides the perfect cone (Plate 1) and the perfect 
platform (Plate 2) there are many irregular and compound 
forms that have had essentially the same origin, and whose 
containing basins were doubtless made in the same way. 

We have, of course, in each case, the very last episode only 
from which to reconstruct a history that may not have been as 
brief as casual observation in the field would suggest: 

These, then, are perforation deposits; and whether they are 
conical or not, they have nothing in common with “kames” as 
kames have been defined by lexicographers and writers of text- 
books. | | 


We may now consider those deposits with which the floors of 
many Scottish valleys are cluttered, giving to them a billowy ` 
or rapidly undulating appearance: the “assemblages of kames” ' 
or, a8 we shall call them, coombs or kame-complexes. These 
occur most frequently, and are most typically developed “at ох 
near where the rivers escape from the confined mountain-glens 
or upland dales to enter upon the broad low grounds” (Geikie, 
page 187) ке. in situations where stagnant piedmont expansions 
might be expected to have melted out. 

Since the discovery and exploration of the Alaskan glaciers, 
much has been learned about terminal “dead ends” and motion- 
less piedmont expansions; and it is mow generally recognized 
that increase in the rate at which ablation takes place (relative 
to alimentation) results in thinning; and that protracted thin- 
ning may result in terminal or peripheral stagnation. This 
paper deals with the final liquefaction and vaporization of such 


* Whatever their shape, such cavities are not crevasses; and Salisbury’s 
term “crevasse-filling” should be dropped. 
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stagnant bodies of ice; and the discussion that follows may be 
summarized by the statement that: should the present rate of 
melting continue until the stagnant, débris-covered marginal 
zone of one of the Alaskan glaciers is completely dissipated; 
there will remain & subdued kame-complex consisting largely of 
tll. If, however, climatic conditions favoring the production 
of copious meltwater should overtake the dead terminus while 
some of the ice remains, there will result а kame-complex com- 
parable in all respects to а, Scottish coomb. 

The first task, then, is to analyze the process by which such 
a stagnant marginal zone is reduced; and to determine, as far 
as may be possible, the relative efficacy of the several factors 
entering into that process. 

The factors are: gravity, evaporation, perforation, surface 
melting, undermelting and bottom-melting. The term perfo- 
ration may ђе applied to the melting out of cylindrical or 
irregular shafts as previously discussed; undermelting will be 
used to denote what is essentrallv the same thing but taking 
place in basins not completely walled by ice. 

In the Antarctic regions, where comparatively little rock. 
débris is bemg carried by the glaciers, and where the tem- 
perature seldom rises above 0° Cent., certain of the outlets 
from the great central ice-dome have been so reduced by evapo- 
ration alone that they have stagnated; and, in time, the stag- 
nant remnants may be completely removed without ever hav- 
ing melted at all. Alimentation must exceed evaporation if a 
body of ice 1s to persist. When the temperature of the air 
bathing such a body rises above 0° Cent., the rate of evapo- 
ration is increased, and liquefaction becomes an added means. 
for removing the ice. 

The presence. of englacial débris end superglacial moraines. 
affect the rates of both evaporation and melting profoundly ;. 
and, because typical kame-complexes are often made up in large 
measure of such materrals, it will be convenient to reheàrse mat- 
ter with which glacial geologists may be supposed to be thor- 
oughly familiar. For nearly a century now, James D. Ford's. 
explanation of the frontal dip of the veined structure at the 
end of a glacier (i.e. that it is due to basal ice “being forced 
upward by the action of frontal resistance") has been verified 
. or rediscovered time and time again; and the conventional 
diagram used to ilustrate it need not be repeated here. One 
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criticism of the diagram, however, should be made at this 
point: perhaps half a dozen bands of upthrust ground moraine : 
are represented in longitudinal section; enough to illustrate 
the principle involved, but too few to suggest the circumstances 
attending formation of any but the smallest, most terminal- 
morainelike of kame-complexes. Since each upcurving lme 
stands for a forward movement that failed against the dead 
nose, there should be no implication that the number of such 
feeble advances was limited to six ; there may have been forty or 
a hundred. 

Whatever the number of these exhibitions of waning power: 
if the “receding hemicycle" has set in, a day must arrive when 
the last one has been made. Either the position of the front 
of active ice withdraws from its dead nose gradually; or the 
section back of the nose also stagnates ; so that, after an inter- 

val during which thinning takes place, it offers “frontal resis- 

` tance” to a subsequent advance of the glacier farther up- 
valley. Since, however, a determination of the special manner 
in which the distal clean ice was removed is not of importance 
in the present discussion, we choose to fill out the picture by 
regardmg that ice as inert. In either case. № would disappear 
by evaporation (or, in warmer air, ablation) long before the 
drift-impregnated section from whose included till a kame- 
complex will be, in part, fashioned. 
. The melting down of this ice has been described by Prof. 
Richard F. Flint (1940), and by Prof. John L. Rich (1943) ; 
and, if there were nothing to add to these descriptions, there 
would be no point in repeating what has already appeared in 
print. 

Before we undertake to evaluate the work of the several 
processes that eventually remove stagnant ice from under & 
protective cover of ablation moraine, it should be pointed out 
that the environments in which removal takes place are various ; 
and, if we are to arrive at the general view that is our aim, 
many of the variant factors of which the reader will be aware 
must be touched. upon lightly or ignored altogether. Among 
these variables there is one that must be taken into account, 
namely; the position of the “snow ceiling” or (atmospheric) 
isothermal layer of 32? Fahr. at the time when stagnation sets 
in, for the nearer this lies to the locus of kame-complex forma- 
tion the less will meltwater enter into the picture. If it lies 
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close, valley trains, aprons and outwash plains may have a 
feeble development or none; if much higher, the moving ice 
will be far up-glacier because the same climatic conditions 
will not be conducive to both active ice and copious meltwater 
at one and the same time.’ 

We will, then, assume an environment in which the snow 
ceiling is, at first, near the section of blanketed ice, but later 
moves to a relatively higher position. The earliest reduction 
will be due almost wholly to evaporation; and presently the 
drift content in the distal part begins to conceal the surfacé 
of the ice. Due to heat “absorbed by” and “reflected from” 
stony matter, this becomes pitted and, finally, almost impassa- 
bly rough as general ablation lowers it to the point where 
accumulated débris retards melting and almost prevents further ' 
evaporation, except where the cover is thin, Meantime, the 
cleaner ice up-glacier continues to evaporate until its surface 
stands at a lower level than that of the ablation moraine. (It 
may even disappear while the protected section still stands like 
a great mound of dirt.) We may now consider the effects pro- 
duced Бу · elevating the snow ceiling. Air temperature will 
rise ‘and, in consequence, liquefaction of the ice under the dirt- 
mound will become the obvious manner in which it is being | 
reduced. An insulating blamket retards but does not prevent 
melting: so that the bottom of the ablation moraine is soon 
water-soaked, while every point where it is thin or absent 
becomes the site of a shallow basin destined to develop into a 
cylindrical or irregular shaft that, in time, will perforate the 
лсе. 

This much зп the way of reduction may be accomplished 
without any modification due to the presence of lateral waters; 
and, if there is free run off of glacio-natant streams, the’ end 
product will be a type of-kame-complex that is little more than 
‘a mass of till. Nearly all kame-complexes, however, are more 
than this; so, once more, we must consider the matter of 
environment: there may have been an inheritance of frontal 
moraine (push, dump or lodge) or of outwash; and, if eo, 
meltwater may be ponded behind the obstruction, and under- 
melting of the ice at its фазе begins, efficient in proportion to 
the area of walter-surface exposed to the air. Recesses, 
melted out of the basal ice, become deep pockets and blind 
tunnels; and, in spite of the slowness of underwater melting, 
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such tunnels may meet perforating shafts; broken off cornices 
may be afloat against the thicker, unlifted ice; ‘and, in general, 
the separated glacier-remnant may be pretty well honeycombed 
‘and shattered before sediments arrive in quantities great 
enough to put a stop to melting below the water level, and to 
preserve the particular stage of local glacier-decay that has 
been reached. That most of this underwater decay is finished 
before sedimentation begins goes without saying: undisturbed 
sediments mean spaces which have been filled; and to be filled, 
the spaces must have been previously made. 

What has happened thereafter, in any given case, can be 
determined only by studying the internal structure of the mass, 
a structure seldom sufficiently exposed to vindicate а, casual 
judgment. 

Some же outlasted the deposition of those sediments out of 
which kame-terraces, platforms, and flat-topped stratified ele- 
ments of the complex were built. Not only was it insulated by 
the surrounding or abutting sediments, but it was burdened, 
above water level, by whatever of ablation moraine had not slid 
or been rinsed off. The water table fell: the pools drained 
away; the last ton of ice melted; and the Eine dompies was 
finished. ` 


Nothing has been said about bottom-melting. Presumably, | 


there was bottom-melting; and, in many instances, there was 
subglacial drainage through tunnels, parts of which tunnels 
° became clogged with sand and gravel. The occurrence of a 
longitudinal ose or two running toward or into a kame-com- 
plex, early gave rise to the facile conclusion that the complex 
' же was vomited forth from the mouths of these tunnels, a 
conclusion that, in the absence of revealing sections, became 
almost an article of faith among glacial geologists. In the 
preceding paragraphs an alternative to this conception has 
been presented. 

Thus far, we have considered only the Scottish type of kame- 
complex, the type that has been called kame-moraine, & term 
that is appropriate in that the accumulation marks an ice- 
front or margin, albeit a deserted and fossil position. of such 
front. But to assume that, because the kame-moraine is a 
marginal formation, every kame-complex must be a kame- 
moraine indicating an ice-edge (in interpretations of Pleistocene 
continental glaciers: the ice-edge), is to overlook the possibility 
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of different origins for these mounded deposits. The external 
form known аз kame-kettle topography is not infrequently 
merely a cast in stratified sand of floating masses of ice. 
Kame-complexes of this character were doubtless built by the 
incursion of sediments into water-filled basins that had not 
developed beyond the incipient stage: had the basins been some- 
what larger or freer from floating ice when their development 
was arrested, at might be easier to recognize an affinity between 
the deposits that filled them and terraces or platforms. 
Although aware that there were many kame-complexes “dis- 
posed without evident relationship to [other ?] glacial 
phenomena,” and, although recognizing that the morainic 
phenomena of eastern New York were obscure and feebly 
developed, T. C. Chamberlin (1883) deliberately chose to 
identify as kame-moraines certain of the valley-bottom terrace- 
accumulations of ‘the Susquehanna drainage system, and 
mapped them (ref. Plate XX XIII) as indicating frontal 
positions of the diminishing Wisconsin ice-sheet. | 
That so eminent a student of glaciology could be misled фу а 
predilection for interpreting in a particular way (ref. p. 376) 
deposits mounded and kettled by association with masses of 
ice, is our justification for holding that there are probably 
many kame-complexes the significance of which we have not 
as yet learned to appreciate; at any rate, they do not fall 
readily into the categories that have been discussed in this 
paper. Certain of these we hope to describe in a future article. 
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DISCUSSION. 


` Cambrian and Ordovician Geology of the Catskill Quadrangle 
(№. У.) ; by Dr. Rudolf Ruedemann. Bulletin 881, New York State 
Museum, Albany. "December 1942." (Actual publication іп 
1946.)—The Geology of the Catskill area, most concentrated and 
most visited of any in the East, bas finally attained publication. 
'.New York State Museum bulletins 881 and 886 are off the press 
and with bulletin 807 give a fairly complete introduction to the 
whole Catskill region, whose bedrocks range from lowest Cambrian 
well into the upper Devonian in age. Part I, by Doctor Ruede- 
manu, is here reviewed. 

‘In this bulletin, the magie touch of a master hand has again 
resolved a wilderness of “Hudson River” beds into an orderly 
sequence of Cambrian, Canadian, and Ordovician formations and 
. some new and startling conclusions are set forth. Неге, as else- 
where north and south, the old Hudson River Group that was 
placed above the Utica turns out to be older even than the Trenton, 
in no way correlative with the Lorraine and "Frankfort" (a facies 
term) of farther west. Thus the situation in the Eopaleozoic of 
New York remains comparable to that in its higher Devonian strata. 
Facies correlations put together older beds at east with later ones ` 
at west. Only careful tracing and fossil collecting have been able 
to overturn these older views. 


The study of this area (from Hudson to Annandale and Eliza- 
ville) has simplified the Cambrian succession as determined around 
Troy and amplified that of the Ordovician. The formations here 
recognized for mapping are (oldest at bottom): 


Rysedorph polymict limestone conglomerate 
Austin’s Glen (upper Normanskill) shales and grits 
Mount Merino (lower Normanskill) shales and cherts 
Deepkill shales and cherts 

(Break; middle and upper банка missing) 
Schodack shales and limestones | 
Burden iron ore (Bomoseen olive grit) 
Nassau shales and quarzites. 


The Bomoseen and assertedly equivalent Burden ore are mapped 
with the Schodack, which has been expanded to embrace also the 
Troy shales and limy quarizites as well as the (interbedded) Burden 
limestone conglomerate айа Zion Hill ferruginous quartzite, for- 
merly separately described in areas at north, 
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For the Nassau beds а possible late Precambrian age is mooted 
(pages 42, 61-62), partly through correlation with the Random ter- 
rane (page 60) of Newfoundland, and partly through the surmise 
that the Burden iron ore and other similarly situated ores over a 
wide area may be the erosional concentrates of the "Lipalian inter- 
val.” But there is also (page 61) correlation of Nassau with the 
Hardyston quartzite of New Jersey which carries Olenellus; and 
there is, further (page 66), acknowledgment that the much higher 
Zion Hill iron-bearing bed marks “а reappearance” of the'con- 
ditions that produced the Burden, both of these being included as 
lentils in the enlarged Schodack formation (compare figure 66). 
The reference to the Brayman (eastern Camillus) shale as a 
“regolith” (page 62) lacks support by other investigators. It is 
puzzling to read (page 88) that “most of” the five divisions of the 
Nassau are recognizable in the quadrangle, but (page 41) that 
“only a small portion," the “uppermost division E," is exposed. 

In the Schodack formation are now recognized (pages 77, 67) at 
least two limestone conglomerates, the familiar Burden соп- 
glomerate of Grabau, low in the formation, another mistaken by 
Grabau for that but much higher in the Schodack, which may be 
‘called the Claverack conglomerate (type at Ham’s Mills), possibly 
a third lying above the Zion Hill quartzite beyond the quadrangle 
limits. Doctor Ruedemann has not entertained the question as to 
whether the topmost beds here may be later than Schodack, possibly 
Upper Cambrian (compare pages 179-180). 

The Ordovician beds are wholly clastics, representing (with the 
Cambrian) the complete section of the overthrust sequence except 
that the Schaghticoke shale has failed of recognition. A clean-cut 
separation has now been made between the lower and upper Nor- 
manskill, and the correct superposition of these beds has been deter- 
mined—the part with interbedded grits (graywacke) being the 
upper and more western member. Аз to the boundary between the 
main outcrop belts of these two divisions of the Normanskill the 
engraved (colored) map differs greatly from the preliminary map 
(page 98) of 1986. Effort has been made to determine the thick- 
nesses of these greatly mashed formations. At Austin’s Glen on 
the Cats Kill (no resident knows this place by the map-maker’s 
name "Austin Glen"), an outcrop of 855 feet across the strike 
(page 102) may much exceed the actual thickness here exposed, 
but the total thickness of this upper member is likely to be several 
times the estimate (page 107) of 500 feet (minimum), as the author 
himself suspects (page 88). The locality (pages 102, 104, 105) 
ealled "South Catskill" is West Catskil and the Post and Smith 
quarry is (pages 98, 102, 105, 115) at Broome Street (page 104) 
in a nose of what is locally called “Broomstick Hil.” 


| Ам. Jour. Scr—Vor. 244, No. 8, Апвовт, 1946, 
89 = # 
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The lower Normanskill, carrying interbedded radiolarian chert 
instead of grits, is referred to depths of over two miles for Из place 
of deposition, the arguments for this being ably marshalled (pages 
90, 101, 171, 174, 180; see also Ruedemann, 1942: bulletin 827— 
pp. 58-56) but so tied in with the "trough" theory (see beyond) as 
not to be wholly convincing. Similar cherts are reported (pages 
84, 87, 94, 95) from the Deepkil shale associated (pages 80-88) 
with limestones and terrigenous quartzites of littoral type, hard to 
reconcile with "sbyssal" conditions. 

Two exposures of. polymict limestone conglomerate are identified 
with the Rysedorph conglomerate of farther north (pages 87, 116- 
124, 180; pronunciation not indicated). The outcrop north, of 
Elizaville. (pages 128-125; see 120) carries pebbles with “Trenton” 
fossils, like type Rysedorph, but lies in contact with Lower Nor- 
manskill (Mount Merino) on both sides, only the west one of which 
is mapped as a faulted contact. It “covers an amazing area," 
with marginal dips of 45? and 60°, so that even if it is a "flat, 
overturned anticline” the thickness present must be very unusual. 
The other exposure, south of Mount Merino, without fossils but 
with pebbles of Lowville aspect and of chert, is veneered upon and 
involved in greenish shales necessarily either Deepkill or Mount 
Merino beds (the Austin’s Glen has only gray to black shales), 
which two are the only formations mapped at this point, though 
“Normanskill grit” is said to occur "on both sides." These Tren- 
ton conglomerates, later in age than the shales and wholly exotic 
to them, furnish the most elusive problem (see beyond) in the entire 
Hudson River Ordovician belt. Certainly the evidence here is not 
that they lie in normal succession on the Normanskil (Austin’s 
Glen member). Rather, they seem unconformable on various parts 
of the overthrust sequence. 

The Becraft's Mountain outlier of Silurian and Devonian rocks 
was laid as a waif on Doctor Ruedemann’s doorstep with suggestion 
that he could take over unrevised the published map and report by 
Doctor А. W. Grabau (1908). In so doing (pages 124-182), he 
has made two notable contributions, finding remnants (in occasional 
pre-Silurian depressions) of the iron-stained sandy Rondout beds 
(pages 10, 15, 126, 127, 181) like those at the nearest exposures 
west of the Hudson (see figure 11 of bulletin 886), and convincing 
proof of the great unconformity (pages 10, 15, 124, 127, 149, 168) 
at the level which he so aptly calls (page 10) a “fossil peneplain." 
Welcome also is the criticism of so many normal faults drawn on 
the Grabau map (page 182); although bringing this outlier struc- 
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turally into line with the western embed! may void the writer’s 
hypothesis (bulletin 886—p. 280) of its ride upon the Taconic 
overthrust. Seemingly (see beyond), contrary to the remark on 
page 189, "Logan's" thrust passes directly under the mountain (fig- 
ure 55) without visible effect upon it. 

À slight error in names is noted. Although his map elements are 
the same as mine (bulletin 886), the combined Coeymans-Kalkberg 
is called simply "Coeymans" (pages 127-128) with the Kalkberg 
stated to be a member of that instead of part of the New Scotland 
(compare correct usage by Goldring in bulletin 882—р. 159; and 
by Ruedemann in bulletin 285— p.49). His "New Scotland" is 
only the Catskill shaly member of that formation. Thus the Coey- 
mans-New Scotland boundary is made transitional (page 182), 
which is true of the Kalkberg-Catskill within the New Scotland, 
whereas the real division (Coeymans-Kalkberg) is the sharpest 
stratum-plane in the Helderbergian (see also beyond). 


Since Alsen is basal Port Ewen as truly as Kalkberg is basal New 
Scotland, and is included in the 222 feet at Rondout, Grabau (page 
129) was not mistaken. · But absence of the shaly main Port Ewen 
here as on the west emphasizes the large sub-Oriskany break unmen- 
tioned in this report. The suggested break (page 181) between 
Rondout-and Manlius must, however, have been very small. 

Structural relations (pages 181-157), are most delightfully 
described, aided by picture and diagram. Especially novel is the 
matter оп "boudinage" (pages 150-157) in the quartzite inter- 
laminae of the Nassau slates, definitely proving “take-up” of com- ` 
pression by a general squeezing of the mass (compare bottom of 
page 145 and figure 51) rather than by plication as in the less 
metamorphic: belt farther west (page 141; contrast figures 56-60 
with 58, 54). ` 

The “troughs” and “barriers” here interwoven (pages 87, 78, 
‚ 185-187, 172-175, 176) will be considered beyond under history, 
but the evidence of overthrusting is convincing (pages 189-142) 
without recourse to these. The Coxsackie quadrangle map (bulle- 
tin 882) does not seem, however, to terminate "Logan's Line" (page 
` 188) in the Hudson River (page 189) at Poolsburg opposite New 
Baltimore, but picks it up again for over two miles past. Stuyvesant 
and resumes it (Nassau over Normanskill) at North Bay, Hudson, 
joining it to the fault on the Catskill sheet that passes under: 
Becraft’s Mountain (see pages 141-142) but which is inadvertently 
shown in diagram (page 149) as a low angle normal fault. The 

1 Note (by request). “Embed” (em'-bed), supposedly long current but 
not found in the dictionaries, is taken to mean the main mass (not simply 


the outcrop) of a given rock in situ as distinguished from transported 
blocks and perhaps from small outliers. 


+ 
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fault on east of Mt. Merino (same page) is also shown as normal, 
and is so described (page 142), but this likewise does not agree ' 
with the (colored) map. 

The real Logan’s Line is probably not this one at all but runs 
between the west edge of the Normanskill and the Snake Hill beds, 
and is here buried beneath the western embed of the Silurian and 
Devonian. That it is not between the Snake Hill and Canajoharie 
was already admitted (pages 187-188) in Ruedemann, 1980. These 
lesser thrusts separate the nappes (page 141) of the “shingle 
block” structure (page 188), do not bring distinct facies into juxta- 
position, and probably Jack such breadth of geographic translation 
(15 miles) ав would be called for by the engaging theory (pages 50, 
141) that the iron-ore belt has been torn out of the Harlem valley. 
The answer to the “moot question” (page 146) whether folding or_ 
thrusting accounts for the presence here of this iron-ore belt and 
of the “bird-shaper inlier" in Germantown is not in the asserted 
sundering of upper and lower Normanskill belts by these bodies, 
which is not sustained by either the older map (page 98) or the 
final map that as already noted differs so much from the older 
map, nevertheless both folds and faults are sufficiently evident in 
the maps (compare figures 21, 51, 55, 66). The final map does 
not agree with the text (page 145) as to the bounding faults of 
the Germantown inlier. . I 

The historical interpretation (pages 171 to end), opening with a 
readable and enlightening discussion of geosynclines, proceeds to 
postulate subdivision of the St. Lawrence geosyncline into three 
“troughs” in which Eopaleozoic sedimentation went on indepen- 
dently and largely alternately (pages 186-188 quoted from 1980, 
and 172-176; see also 87, 78), a thesis long advanced in the bulle- 
tins on this general area for two such troughs. To these Doctor 
Ruedemann now adds a third for the eastern (or carbonate) 
sequence of Prindle and Knopf (1982), overlooking that this is 
the resident sequence (autochthone) and is overthrusted from the' 
east by their Taconic sequence (his former eastern), а conclusion 
inevitable from the mapped field relations such as (their pages 
298-294) fossiliferous Lower Cambrian overriding fossiliferous | 
Lower Ordovician near Hoosick. Yet he is evidently (page 174 


and diagram in Ruedemann, 1942: bulletin 827—р. 57) veering 


_away from a theory that admittedly presents certain difficulties. 


One of these, not remarked by him (but by Kay, 1987—р. 272-278), 
is the source and route of the terrigenous sediments. Another is 
lack of any trace today in the overthrusted masses (pages 187, 178) 
of the hypothetical barriers (page 176; Precambrian rocks, in bulle- 
tin 285—figure 8). . These have.disappeared from the 1942 dia- 
gram, just mentioned, as has also the predicated alternation in the 
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separate troughs (compare’ rane 50, page 186, and "one general 
basin," page 180). 

First to recognize facies Eum (Dolgeville shale) in our 
Eopaleozoie rocks and extending such observations at length 
throughout the Mohawk valley, and also early to grasp the frequency 
and extent of overthrusting at the east, Doctor Ruedemann yet 
hesitates at the final step of original direct continuity of deposition 
across all the fault sequences, surely only because of having them 
in the wrong order, 1-8-2 as now instead of 1-2-8 as originally. 
An unpublished continuous section from Watertown via Utica to 
Albany drawn by me accurately to scale in 1985 shows the facial 
behavior of the Ordovician to follow closely the laws and pattern 
that govern in the upper Devonian (compare Holzwasser, 1926—р. 
. 58), and as early as 1925 I pointed out to'others (ibidem—p. 68; 
Kay, 1987—р. 272) the identity of the Snake Hill as a facies of the 
Canajoharie, thus not of а separate trough. Ruling out imagined 
. abyssal depths for the cherts, one sees only normal coastal plain 

sedimentation from western Massachusetts to Lake Ontario, with 
the correlations shown in the accompanying table. 

To locate a geosyncline in Massachusetts and shift it “after con- 
traction” (page 172, compare 161-164) to eastern New York, 
albeit it looks that way on the Schuchert (1980) maps, as though 
the states remained stationary while the geosyncline slid over them, 
may be rather misleading but is the fault of ЧЕ maps that are pot 
palinspastic (Kay, 1985). 


In the list of neighboring Precambrian outcrops (page 175), 
our nearest one, Stissing Mountain, has been left out. 

What now becomes the really engaging problem is the unmen- 
tioned one of the Trenton limestone conglomerates, whose pebbles 
definitely derive from the resident sequence but whose present. seat 
is on the overthrust slice, on rocks that in Trenton time lay pre- 
sumably 100 miles farther east than now (Kay, 1987—pl. 5). More- 
over it appears that these conglomerates rest not only upon the top 
of the Normanskill (Austin's Glen) as the last deposit in the area 
preceding the overthrust but also on the lower Normanskill (Mount 
Merino) and possibly even on the still lower Deepkill, as already 
mentioned. Since the matrix of the conglomerate itself is dated by 
early Trenton fossils, being clearly not a fault-breccia, can the 
translated block have suffered a large part of its present dislocation 
at the close of Normanskill (Black River) time coincident with the 
volcanic activity and marked break in sedimentation found by Kay 
(1987—р1. 2 and fig. 9) and been eroded down to the Deepkill on 
higher folds in Sherman Fall time? These are alarming suggestions, 
but not lightly to be disregarded in view of the similarly transgres- 
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NOTES: O means re-eroded; о, not deposited. Calcareous facies in italics. Kay 


(1987—p. 272-278) refers Snake Hill to the western sequence. 


He likewise refers the 


Rysedorph polymict limestone conglomerate to the western sequence (page 277), 
stating that Ruedemann described it as interbedded in Snake Hill, which description I 
do not find. Its relations are always with the Normanskill, of the overthrust mass. 


sive relations of the coeval Lacolle conglomerate (Kay 1987—р:, 
275-277) and the sudden westward shift of clastic sediments after 
Glens Falls limestone deposition. 
The delayed decision to print the Catskill report as two bulletins 
obliged Doctor Ruedemann to include Silurian and Devonian his- 
tory (note reference to “Part 2” in Contents, on front cover). + 
Faced with this necessity he turned naturally to his Capital Dis- 
trict bulletin (No. 285), with minor omissions lifting this bodily. 
Unfortunately this fits not well in spots (Oriskany, and Scho- 
harie), and in the fifteen years revolutionary changes have taken 
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place in Upper Devonian correlations, Silurian and Devonian paleo- 
geography, and other details. No longer do the зеалуаув of those 
times run as Doctor Schuchert pioneered them, the New Jersey 
gateway is delta-filled, the Albany bay proves a figment of Grabau's 
“Sherburne bar,” true Portage rocks fail to kiss the Catskill sum- 
mits in our map area. Clarke’s theory of lower Marcellus becom- 
ing top Onondaga westward has misfired, but all of our “Marcellus” 
(Bakoven) seems only the partly calcareous basal part (Union 
Springs) of central New York while it is our “Hamilton” that is 
the bulk of the Marcellus, the true Hamilton being here the original 
Catskill (Kiskatom) redbeds that Prosser mistook for “Oneonta.” 
‘There are small slips—Salina following Rondout (page 181: com- 
pare bulletin 285—р. 172), an eastern source for the Manlius sea 
(page 182), "transition" beds from Manlius to Coeymans which 
are reworked Manlius marking an extensive erosional break (bulle- 
tin 886—p. 152; note qualifications in bulletin 285—р. 47, 178, 
here omitted), the Coeymans-New Scotland "transition" previously 
noted, the “well-set-off” Becraft (page 182). where there is indeed 
а troublesome gradation and interfingering (Grabau, 1908—р. 1062) 
here and all up and down the Appalachians (see Woodward's 
Devonian of West Virginia—p. 88, 95-97), inapplicability of the 
“turbulent sea” of the Oriskany sand (page 188) to our thin beds 
of (Glenerie) chert and silicious limestone with their frail fossils, 
and of the "sandy facies" of the “Schoharie” (Saugerties forma- 
tion or "Leeds member") hereabouts (compare page 180). The 
discussion of the higher Devonian strata (pages 184-186) follows 
the wholly erroneous work of Prosser (see bulletin 886—p. 116, 
125, 137). The "enormous amount of material" (page 186) that 
must have been removed above present exposures was the higher 
Upper Devonian (Catawissa, Montrose, Blossburg and other suc- 
cessively later redbeds), probably 1 no Pennsylvanian and definitely 
no Mississippian strata. 

' Discussing the orogenic history Gages 160-170), Doctor Ruede- 
mann analyzes (167-170) various age criteria worth careful atten- 
tion, but (page 168) misinterprets Schuchert’s maps (1980—figures 
1 and 2, not “4” and “5”) in saying that the second “clearly indi- 
cates the middle Hudson River region was only folded by the 
Taconian and Appalachian orogenies;" whereas that figure (65 of 
the bulletin) shows only "present location of geosynclines" that 
(Schuchert, page 706) “in late Devonian time" were wholly “blotted 
out by the Acadian disturbance,” and the map shows that this 
includes our area, while Schuchert's figure 4, that does map the 
orogenies, likewise carries the belt of Acadian folding south across 
our quadrangle with proper strike to "at least Newburgh" (his page 
722), but gives an easterly direction to the Appalachian belt past 
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Kingston. Doctor Ruedemann recognizes (page 161), however, that 
the “Appalachian” or “Carboniferous” folds (pages 17, 189) may 
prove to be Acadian (compare bulletin 886—p. 227-280). But 
whether the eastwardly increasing metamorphism, with westward 
overthrusting of the less folded metamorphosed nappes (pages 141, 
145), is Taconian, Acadian, or Appalachian, is another question not 
yet answered, | 

The subsequent history involves the controverted origin of the 
present drainage pattern (pages 22-26), presented with great fair- 
ness but without reference to important papers by Fairchild, Mackin 
and others. That the parallel west-southwest courses of the upper 
Susquehanna and the two Delawares (figure 7) were consequent on 
the dip slope does not agree with a known original (depositional) 
dip to west-nortlewest, or with the oldest recognizable (mountain 
summit) peneplain (Guyot 1880) which slopes northwest; neither 
is.it а case of structural control by anticlines (Hall, 1876; зве 
bulletin 807—р. 85, 51, 68, 88) that have proved non-existent but ` 
still plague the literature on this subject (Strahler, 1945—p. 68). 
Аз the present regional dip here is east of south, these. streams 
run nearly on the strike; and this regional dip into the geosyncline: 
must date from Appalachian orogeny. It is more likely that the . 
streams were controlled at first by parellel receding escarpments, 
and later rapidly intrenched. We must disagree also with carrying 
the Hudson River back to Cretaceous time (page 24), because the 
"wo branches of the "Cretaceous" Schoharie Kill plainly headed 
far east across the present Hudson Valley. 

The physiography resultant from the long periods of erosion is 
treated with great clearness (pages 6-26) except for one matter— 
the Helderberg plateau which is a strata-controlled feature (figure 
1, во retouched as to be worthless for evidence, and page 8) is con- 
fused with the Helderberg peneplain (figure 8 and pages 9-10) 
which is beveled across the strata and does not decline southward 
with them. The peneplain is continuous with the mature valleys 
extending from the north into the Catskill Mountains monadnock 
area and lacks representation under the east lea of the mountains. 
Its eastward counterpart would be in the Taconic Mountains, not 
in the much lower phyllite plateau whose existence seems to be · 
purely a matter of differential hardnesses, not of erosional base- 
level. Throughout our quadrangles the Helderberg "plateau" has 
fallen to the level of the Hudson Valley (Albany) peneplain, which 
here reaches to the east foot of the Catskills. 

The statement that the strike óf the Eopaleozoic rocks (pages 18, 
17) has a northeast skew, while true of the overlying Devonian 
ones, is not borne out by either the geologic or topographic map 
except for Mount Merino, nor is it true that the main glacial move- 
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ment was due south and responsible for the north strike of the 
ridges. The ice flow was definitely west of south, diagonal to these 
minor ridges but parallel to the great mural front of the Catskills, 
the edge of the phyllite plateau, and the course of the Taconic 
Mountains (western boundary of Massachusetts). In fact, this 
north strike of the Ordovician grits as they pass under the north- 
easterly striking scarp-front of the Silurian-Devonian limestones is 
one of the striking evidences of their unconformability, and dis- 
tinguishes Taconian from Acadian folding. 

The strange behavior of the Hudson tributaries оп the east, 
which is duplicated on the west by that of the Kaaters Kill and 
Esopus (figure 8 and pages 24-26), is brought out but its explana- 
tion left to Professor Cook's glacial chapter, which is not ћете 
under review. See bulletin 886—p. 214-218. 

Concerning the interesting suggestion that grade-plains are 
beaver work (pages 21, 26) one is inclined to ask which came first— 
the beavers, or the graded surface that enticed them by permitting 
broad shallow impoundment by dams. The conical hill east of Blue 
Stores (page 18; compare 199, bottom) called a drumlin hes a 
gravel-pit (contoured) in the west base and was considered to be a 
kame by Doctor Fairchild, (see bulletin 886—р. 192). 

The chapters on botany, zoology and economic geology (pages 
26-80, 289-242) projected by me for the combined report have, 
to equalize space, been placed in Part I, that on minerals wholly 
omitted. „Ја the list of trees, taken from Doctor Bray, one is 
astonished to find such southern species as the pawpaw, cucumber 
tree and coffee tree, none of which I have seen here, and also the 
redbud as native and the hackberry as abundant (page 28). The 
cactus colony at Saugerties (page 80) is due north instead of norte 
west of the railway station. | 

It is unfortunate that the intention to issue the combined maps 
with each part, as indicated by the caption on the map pocket, was 
abandoned, the maps printed separately. Still more regrettable ` 
from the standpoint of scientific accuracy and priority, is the dating 
as of December, 1942, a contribution to knowledge not off the press 
until February, 1948, and not yet distributed to the world in Jan- 
uary of 1946. Every copy should be stamped with the date of 
actual release. of this edition. 

Besides evident misprints for Mastigograptus, Whitfieldella, 
Pterinea, Dodecatheon, occidentalis, Bell Pond, Plass Hill, Stafford, 
and more common words, there are Alexander for Alander, Green- 
field for Greendale, gravity folds for gravity faults, and Malden 
(page 86) for Cementon: but more misleading is non-sense caused 
by editorial deletion of commas (note pages 9, 127, 145, 178, 176, 
188) without regard to author’s wishes. One misses a measure of 
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size in several figures and is left uncertain as to whether figure 80 
shows Deepkil or (page 94) Mount Merino chert, whether figure 
48 looks north when the river lies on that side of the track (see 
map) and whether this is not a syncline instead of an anticline; 
whether, on page 89, “homotaxial” (similar in order) or syn- 
chronous is intended ; whether it is the Grcen Mountain range (page 
175) or the Taconic that borders Massachusetts; and how a trough 
(page 180) ean fill with thousands of feet of land-wash while its 
feeding slopes on both sides are lined unbrokenly with pure lime- 
stone accumulating. The limestone at Stissing Mountain (page 
179) is now said to be Lower not Middle Cambrian. Since Coey- 
mans 18 not a possessive but the family name of Barrent Pieterse 
Coeymans who owned the site of the present village, the right spell- 
ing of the Sieberella would seem to be coeymansensis, not “соеу- 


manensis.”” | 
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SCIENTIFIC INTELLIGENCE 


Puysics, 


The Electron Microscope; by Е. Е. Вовтом and W. Н. Конг. 
Pp. 825. New York, 1946 (Reinhold Publishing Со. $4.00).— 
Revised and enlarged edition of an authoritative book on a fas- 
.cinating young subject. Much of the material has been completely 
re-written. New plates are added and an extensive bibliography is 
appended. s HENRY MARGENAU, 


Principles of Physics II. Electricity and Magnetism; by Fran- 
cis Мевтевм Sears. Pp. 1-484; profusely illustrated. Cambridge 
Mass., 1946 (Addison-Wesley Press, $5.00). Principles of Physics 
III. Optics; by Francis Wrsron Sears. Pp. 1-828; profusely 
illustrated. Cambridge, Mass., 1945 (The Addison-Wesley Press, 
$4.00).—The first volume of this series (see Амев. Jour., Scr., Vol. 
242, 568, 1944) raised the hopes of teachers who were dissatisfied 
with the superficial introductory physics course now taught in most 
American colleges. It set a high standard of quality, a standard 
which has been maintained if not even raised in volumes II and III. 


The series of three volumes covers the traditional material of an 
elementary physics course, but with a degree of thoroughness and 
comprehensiveness that requires two years for its teaching. As the 
author explains, the first volume is used during the first year, the 
second is the basis for 2/8 of a second year course which is con- 
cluded with the last volume. | 

It is the purpose of this review to appraise the books, not this 
teaching arrangement. Nevertheless it is difficult, in reading the 
series, to suppress a growing enthusiasm for the arrangement. If 
a two year course in physics permits the virtues amply displayed 
in these volumes to be incorporated into the teaching, then by all 
means let us have two year elementary courses for science majors. 
The books are effective advertisements for this point of view. 

Ав to the last two volumes, they are made particularly attractive 
by an inclusion of an abundance of good and clear line drawings as 
well as attractive photographs. Greatest care has been used in 
their selection and execution in connection with the treatment of 
opties, where clear diagrams are essential. 

_ This reviewer, who regrets to have no opportunity to teach a 
thorough two year course based on the series, nevertheless values 
it as a source of collateral information for the better students in 
sophomore physics. HENRY MARGENAU. 


595 


596 Scientific Intelligence. 


CHEMISTRY. 


Physical Methods of Organic Chemistry, Vol. I, edited by A. 
Wrisspercrr. Рр. vii, 786, adequately illustrated. New York 
1945 (Interscience Publishers, Inc., $8.50)——-This is the first vol- 
ume in a series bearing the title “Technique of Organic Chemistry.” 
In the Preface the Editor says “The chemist, in order to acquaint 
himself with a certain physical method, has in the past been com- 
pelled to search through periodicals and specialized books. The 
present work has been compiled with the hope of relieving him of 
much of this burden. It has been the object of the authors to pro- 
vide a description of tested methods, the theoretical background 
for understanding and handling them, and the information neces- 
| sary for a critical evaluation of the experimental results.” In the 
opinion of this Reviewer this object bas been well met. This first 
volume (there will be a second on Physical Methods) deals with 
the following topics, the Author’s names being given in parentheses: 
determination of melting and freezing temperatures (Skau and. 
Wakeham); determination of boiling and.condensation temperatures 
(Swietoslawski); determination of density (Bauer); determination 
of solubility (R. D. and M. J. Vold); determination of viscosity 
(Mark); determination of surface and interfacial tension (Har- 
kins); parachor (Thomson); determination of properties of mono- 
layers and duplex films (Harkins); determination of osmotic pres- 
sure (Wagner); determination of diffusivity (Geddes) ; calorimetry 
(Sturtevant); microscopy (Jelley); determination of crystal form 
(Peacock); crystallochemical analysis (Donnay); x-ray diffraction 
(Fankuchen); electron diffraction :(Brockway); and refractometry 
(Bauer aud Fajans). This volume hes no index, but a detailed sub- 
ject index ds promised in Volume II covering both volumes. Each 
chapter is preceded by an outline of its contents, with page numbers, 
which serves to some extent as an index. Апу reviewer of a book 
such as this is bound to find places where he disagrees in some way 
with the author's treatments or lack of treatments of certain topics. 
Thus Hauser, (in J. Am. Chem. Soc. 67, 2278 (1945)) finds several 
chapters which “call for amplification and in some instances for a 
reduction in personal opinions.of the author—" and Westheimer 
(in Ind. Eng. Chem. News Ed. 24, 100-101 (1946)) appears to find 
an insufficiency of specific examples of applications of the methods 
to problems which would directly interest the organic chemist. The 
Reviewer feels that the personal opinions. of the authors are to be 
desired, when the authors are experts in their fields, and that with 
the ample references given the reader can seek amplification of any 
of the subjects with а minimum of effort, Actual omissions are 
another matter, though here, again, the question may be one of 
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opinion. Thus the Reviewer would have liked to see some refer- 
ence in the first chapter to the important work of Fredga and his 
associates on the use of temperature-composition curves to deter- 
mine the optical configuration of not too unrelated compounds. 

However, a volume such as this is not designed to be а compen- 
dium. This one should be exceedingly useful to the practicing 
organic chemist because of the detailed critical descriptions of 
methods and theory given. It could be read with profit by the 
student of organic chemistry who is preparing for his comprehen- 
sive examinations, and it should be helpful to those students and' 
others who in the last few years have been drawn away from chem- 
istry into other pursuits and who now are returning to their studies 
and need to get back into the "feel" of chemistry and its methods 
of research. i 

As far as the Reviewer could observe the book is relatively free 
from errors and misprints; only 18 were noticed, and of these 10 ` 
were in the work of a single author. The book is very adequately 
illustrated with line drawings and photographs., It is well bound 
and presents a pleasing appearance, HAROLD G, CASSIDY, 


‚Свогову. 


Dating the Past, An Introduction to Geochronology; by Fren- 
ERICK E. Zguner. Pp. xviii, 444; 108 figs., 24 plates. London, 
1946 (Methuen & Co., 80s).—To those who have read Doctor 
Zeuner’s useful volume The Pleistocene Period (published in 1945 
and reviewed in AMERICAN JOURNAL OF SCIENCE, vol. 244, 1946, pp. 
378-876) the present companion volume will come as a welcome 
addition. Its author, Professor of Environmental Archaeology in 
the University of London, has developed it from courses of lectures 
into its present extensive and well-organized form. 

Though it reflects its author’s main interest in chronology, the 
earlier volume is a general treatise on the Pleistocene. The pres- 
ent volume, however, is unique in that it is concerned exclusively 
with chronology—or rather geochronology, which Doctor Zeuner 
defines as “the science of dating in terms of years those periods of 
the past to which the human historical calendar does not apply.” 
The, Introduction well states the scope and importance of the 
attempt to translate stratigraphic units into terms of absolute time— 
an attempt that has involved speculetion and estimates, beginning 
‘more than a hundred years ago, as well as actual measurements 
dating from more recent time, 

The monograph is very well arranged; it proceeds from geologi- 
cally recent time back into the remote geologic past, systematically 
describing the various methods that ћеуе been used as bases of both 
estimates and measurements. "These methods are discussed: (1) 
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Tree-ring analysis, extending over the last 8000 years, with prin- 
cipal reliance on the work of Douglass. (2) Varved clay analysis, 
extending over the last 15,000 years, with reference chiefly to the 
work of De. Geer and Antevs. (8) Deduction from calculated 
variations in the distribution of solar heat received by the Earth, 
extending over the last million years. (4) Measurements based on 
the rates of decomposition of radioactive elements in the rocks, 
extending back'into the early history of the Earth. It is the author's 
avowed aim to coórdinate and correlate these various methods and 
' to work toward a single continuous scale of geologic time which can 
be substituted for the relative, or stratigraphic, time scale in general 
use at present. Не clearly indicates, however, that а great deal 
of study will have to be accomplished before this aim can be realized. 


The’ present first attempt is a most useful guide to the whole 
. Subject of time counts. It represents an enormous amount of work 
in assembling a vast quantity of widely scattered information. The 
well-arranged references run to 650 titles in many languages; for 
this service alone geologists and archeologists will be deeply grate- 
ful to Doctor Zeuner. The entire discussion is clear, concise, and 
very readable; the reader can rarely have doubt as to what the 
‘author intends to say. The book is well illustrated with the tables 
and diagrams so necessary to а discussion of this kind, and with 
photographs of significant localities. А good index makes it easy 
for the reader to find his way through the great amount of useful 
detail. | | 

To the present reviewer—who speaks only for himself—the only 
criticism that can be made in regard to this work is that it treats 
some aspects of geochronology without the rigorously critical 
approach that seems demanded. An uncritical attitude is apparent 
chiefly in the discussion of varved clay study and in the treatment of 
the problem of solar radiation. 

With regard to varves, a good many geologists are skeptical 
of the objective reliability of correlations and would like to see 
the method thoroughly tested before placing great reliance on the 
chronology derived from it. Further, the gaps in the varve 
sequence established in eastern North America may be far greater 
than the values assumed for them by Doctor Zeuner's sources. We 
simply have as yet no reliable means of bridging the gaps. 

Concerning solar radiation, this reviewer has already expressed 
the opinion that the adherents to the view that the so-called radia- 
tion curve had a profound influence on the Pleistocene climates, 
accept it somewhat too uncritically.! This opinion may be applied 
without unfairness to Dating the Past. The author compares the 


1 Geog. Rev., 38, 1948, р. 844-845. 
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radiation curve (p. 184). with the Pleistocene stratigraphic record 
in Europe (p. 110, 142) and obtains a coincidence which he thinks 
cannot be accidental. However, as both the stratigraphic record as 
interpreted, and the radiation curve, are open to question, the con- 
fidence felt by Doctor Zeuner in their agreement will not be shared 
universally. The trenchant criticism of the radiation curve made 
by G. C. Simpson? in 1940 is mentioned (p. 141), but it is not met, 
and this fact weakens the scientific position of the radiation curve. 
Furthermore the stratigraphic evidence from North America, 
which does not match the radiation curve, is ignored by Doctor 
Zeuner, who does not consider the Pleistocene stratigraphy of that 
continent at all. 

Acceptance of varve chronologies and the radiation curve prin- 
ciple in Dating the Past will be accepted or rejected by geologists 
according to their own experience and judgment, for they possess a 
background against which they can evaluate many of the arguments 
advanced. But archeologists—notoriously thirsty for absolute 
dates—have a basis less‘firm than that possessed by geologists, for 
evaluating the reliability of the chronology presented. Some of 
them are likely to'accept this chronology as fact, and to apply it 
to their own stratigraphy with confusing results. 

Although we may admit that the point of view just expressed 
represents an extreme of skepticism, nevertheless the subject of 
chronology is too important to both geology and archeology to 
allow us to permit the growth of widespread misconceptions. "The 
author states that the reader is free to reject the radiation curve; 
yet his entire discussion of the matter exhibits a strong bias in favor 
of that concept. 

The same criticism cannot be made of the chapters (4, 6, 7, 8) 
that deal with archeologic stratigraphy. They present an encyclo- 
редіс summary of culture sites and cultural succession, particularly 
in Europe. The author is to be strongly commended for keeping 
scrupulously separate the geologic data, and the data from archeo- 
logic typology. He rightly points out (p. 146) that without such 
separation, stratigraphic confusion ensues, as indeed it does. 

Both geologists and archeologists will find this book an excellent 
and useful reference work, and zoólogists will be interested in the 
final chapter, which is devoted to biologic evolution in relation to 
absolute time. 

Errors are few. Fig. 89 needs correction, for it implies that 
Proterozoic, Precambrian and Algonkian are synonymous, and lists 
northern European correlatives of the Laurentian and Адан Рог 
which there seems to be little if any basis. 

RICHARD FOSTER FLINT, 
. 2 Linn. Soc. London, Pr., 152, 1940, p. 190-219. 


600 Publications Recently Received. 
PUBLICATIONS RECENTLY RECEIVED 


Introduction to Atomic Physics; by H. Semat. Revised and enlarged 
edition. New York, 1946 (Rinehart and Со., $4.50). 

Atomic Energy in Cosmic and Human Life. Five years of Radioactivity; 
by G. Gamow. New York, 1946 (The Macmillan Co., $8.00). Cambridge 
(The University Press). 

Chronica Botanica. Vol. 9, No. 4. International Relations in Science, a, 
Review of their Aims and Methods in the Past and in the Future; by 
W. B. Cannon and R. M. Field. Waltham, Mass., 1945. і 

Iilinois Geological Survey. Circular No. 121. The Illinois State Geological 
Survey in War Mineral Research; by М. М. Leighton. Urbana, 1945. 

Die Entwicklungsgeschichte Der Chemie; von Prof. H. E. Fierz-David, 
Basel, Switzerland, 1945 (Verlag Birkhüuser, Fr. 27.50). 

Soul of Lodestone. 'The Background of Magnetical Science; by A. Still, 
New York, 1946 (Murray Hill Books, Inc., $2.50). 

The Human Embryology; by B. M. Petten, Philadelphia, 1948 (The Blakis- 
ton Co., $7.00). 

The Endeavour of Jean Fernel; by Sir Charles Sherrington. New York, 
1946 (The Macmillan Co., $8.50). Cambridge, (University Press). 

U. S. Geological Survey. Bulletins as follows: 948-C.  Nickel-Coppir 
Prospect near Spirit Mountain, Copper River Region, Alaska; by J. 
Kingston and D. J. Miller. Price $10. 94717-A. Mineral Investigations of 
the Geological Survey in Alaska in 1948 and 1944; by J. C. Reed. Price 
$.06. 945-Е. Chromite-Bearing Sands of the Southern Part of the Coast 
of Oregon; by А. B. Griggs. Price $.55. 946-B. Quicksilver-Antimony 
Deposits of Huitzuce, Guerrero, Mexico; by J. Е. McAllister and D. Н. 
Ortiz. Price $.75. 946-C. Scheelite Deposits in the Northern Part of the 
Sierra De Juarez, Northern Territory, Lower California, Mexico; by C. 
Fries, Чт. and E. Schmitter. Price $.25. 946-D. Tungsten Deposits of 
the Southern Part of Sonora, Mexico; by J. H. Wiese in collaboration 
with S. Cardenas. Price $.15. 946-E. San Jose Antimony Mines Near 
Wadley, State of San Luis Potosi, Mexico; by D. E. White and J. Gon- 
gales В. Price $40. 949. Bibliography of North American Geology 1948 
and 1948; by E. M. Thom. Price $.70. Professional Paper 205-B. Min- 


erals of the Montmorillonite Group, Their Origin and Relation to Soils ` 


&nd Clays; by C. S. Ross and S. B. Hendricks. Price $85. Washington 
1946 and 1946. 

Apes, Giants and Man; by Е, Weidenreich. Chicago, 1946 (The University 
of Chicago Press, 82.50). 

Currents in Biochemical Research; edited by D. E.-Green, New York, 1946 
(Interscience Publishers, Inc., $5.00). у 

Enzymes -and their Role in Wheat Technology; edited by J. Ansel Ander- 
son, New York, 1948 (Interscience Pub. Inc., $4.50). : 

Principles of Fleld and Mining Geology; by J. D. Forrester. New York, 
1946 (John Wiley & Sons, Inc. $7.00). 

Illinois Geological Survey—Report of Investigations—No. 116. Geological 
Aspects of Prospecting and Areas for Prospecting in the Zinc-Lead Dis- 
trict of Northwestern Illinois; by Н. B. Willman, В. В. Reynolds and 
P. Herbert, Jr., Urbana, 1946. 


~ 


American Journal of Science 
SEPTEMBER 1946 





- D. J. CEDERSTROM. 


ABSTRACT. The Dragoon Mountains lie in Cochise County in south- 
eastern Arizona. Cambrian quartzites and shales cverlie pre-Cambrian 
granite and are succeeded by Devonian, Mississippian, and Permian (?) 
limestones and Cretaceous quartzites, shales, and limestones, These strata 
were intruded by granite and by rhyolite dikes during the Laramide Revo- 
lution. Low-lying areas are incompletely covered by younger alluvium. 

During the Laramide Revolution the Paleozoic and Cretaceous sediments 
were greatly compressed. Cambrian strata rose along a low-angle over- 
thrust fault and came to rest on upper Paleozoic and Cretaceous sediments. 
Overthrust blocks of resistant Cambrian quartzite cap several outstanding 
shaly peaks or knobs to-day. 

Following the overthrust faulting, the sediments and their overthrust 
burden were folded. As the limit of compression by 2olding was reached, 
faulting along high-angle reverse fault planes took place. The Silver 
Cloud and Dragoon anticlines, the Sala anticlinorium, the Middlemarch 
syncline, and the Dragoon fault are the major structures that resulted from 
this phase of deformation. 

Late normal faulting occurred on a small scale after the granite intru- 
sion, which was concomitant with or followed the rolding. 


INTRODUCTION. 


Locatton:—The Dragoon Mountains are in Cochise County 
southeastern Arizona and lie largely within township 28N and 
range 18E of the Gila and Salt River base and meridian. They 
extend from the mining towns of Gleeson &nd Courtland north- 
northwestward to Dragoon on the Southern Pecific Railroad, a 
distance of twenty-five miles. Historically famous Tombstone 
Без thirteen miles to the southwest and Bisbe2, the important 


copper camp, is twenty-eight miles to the south. Pearce, ал 


important silver producer in the years 1895 to 1929, is eight 
miles east of the Dragoons. 
At both ends of the range granitic rock masses form out- 





ҮШ 


standing peaks and rugged terrane. Cochise’s Stronghold, a. 


natural fortress once used by the Chiricahua tribesmen, lies 


Ам. Jour. Scr.—Vor. 244, No. 9, Бертемвев, 1946. 
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within the northern granitic mass: Southeast of the pinnacled 
Stronghold country lies а strip of sedimentary rocks nine miles 
long. This paper deals with the expanded northwestern portion 
of that strip. The area considered extends from a point one 
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Fig. 1. Outline map of Arizona showing location of Dragoon Mountains. 


‘mile southeast of Dragoon Camp to a point one mile northwest 
of Cochise Peak and is from two to three and one-half miles 
wide. The Middle Pass trail, which connects Tombstone with 
Pearce, divides the area into two equal | halves. 
Purpose of Investigation :—This paper presents a portion of a 
· geological study made by the writer in partial fulfillment of the 
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requirements for. ће degree of Doctor: ‘of Philosophy in the 
Department of Geology of the University. of Arizona. Field 
work was carried on Раа parts of the summers of 1982, 1938, 
1984, and 1986. 
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PREVIOUS WORK IN ADJACENT AREAS, 


In the Santa Rita Mountains,’ 55 miles west of the Dragoons, 
“the main structural feature is a thrust fault dipping to the 
west." Sections show that the overthrust plane is strongly 
folded. In the Empire Mountains, east of the Santa Ritas, 
upper Paleozoic limestones have been thrust westward on Cre- 
taceous sediments. 

В. A. Wilson? in a detailed study of a smaller portion of the 
Empire Mountains, mapped another thrust plane that dips 
gently to the west. Не states that a period of high-angle fault- 
ing followed the overthrusting. 

The structural history of the Bisbee area, 28 miles south of 
the Dragoon Mountains? may be outlined as follows: 


1. Post Permian pre-Comanchean normal faulting (Dividend 
fault). 

2. Durmg the Laramide Revolution compressive stresses 
resulted in doming of the sediments around a resistant 
core of pre-Cambrian granite. South of the Dividend 


1 Schrader, Е. C.; 1915. Mineral deposits of the Santa Rita and Pata- | 
` gonia Mountains, Arizona: О. S. Geol. Survey Bull. 582, р. 98. 

t Wilson, Roy À.: 1984, Thrust faulting in the Empire Mountains of south; 
eastern Arizona: Jour. Geology, 88, p. 422. : 

* Ransome,. F. L.: 1904. The geology and ore deposits of the Bisbee quad- 

rangle, Arizona: U. S. Geol. Survey Prof. Paper 21, 106-107. 
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Fault the massive Paleozoic beds resisted doming and 
folding but developed large block faults (Copper Queen 
' Block). 
8. Low-angle overthrust faulting (Queen Hill Block). 
4. Intense shattering by normal faults. 


The compression is said to have acted from west to east. 

In the Courtland-Gleeson area,* 12 miles to the southeast of. 
the area considered in this paper and at the end of the Dragoon 
Range, thrust faulting of possibly late Tertiary age was pre- 
ceded by a post-Cretaceous period of normal faulting. At 
Courtland the overthrust plane is approximately flat whereas 
at Gleeson it dips 20° southwest. Here, as in the Empire Moun- 
tains, thrusting is judged to be much later in time than at 
Bisbee, since “supposedly Tertiary” rhyolite has been involved. 

B. S. Butler and E. D. Wilson® summarize the structural 
history of the Tombstone area in part as follows: 


1. Possible mild Mesozoic volcanism. 

2. Laramide folding along a northwest-southeast axis, ac- 
companied by faulting. 

Dike fissures develop, trending NI6^E. 

Strong fawting in approximately an east-west direction. 
Fissuring along a southwest-northeast axis. 

Normal faulting of post valley-fill age. 

Intrusion of basaltic dikes. 


TÉ UR 


Darton? has written briefly on the Dragoon Mountains. His 
cross-sections B and C correspond most closely with sections 
C-C and Н-Н” in this paper. Darton recognized the structure 
here designated as the Sala anticline and the general southwest 
dip of the sediments making up both walls of Middlemarch Can- 
yon. In his section C the easterly-dipping Paleozoics rock lying 
upon “Pinal schist,” are shown to make up the high ridge in 
the southerly part of the area covered by this paper. Their 
relation to the folded Mesozoic sediments on the east is not 
clearly brought out. Porphyry dikes are shown, as is the gen- 


‘Wilson, Eldred D.: 1927, Geology and ore deposits of the Courtland- 
Gleeson region, Arizona: Ariz. Bureau of Mines Bull. 128, Geol. Series 5. 

5 Butler, B. S., Wilson, E. D., Rasor, C. A.: 1988, Geology and ore deposits 
of the Tombstone district: Univ. of Ariz, Bull. 148, IX, No. 1. 

* Darton, М. H.: 1925, A résumé of Arizona geology: Aris. Bur. Mines 
Bull. 119, 292-294, А . 
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eral relationship of the Stronghold granite to the sedimentary 
rocks. No suggestion of overthrust faulting is indicated and 
the map and sections are somewhat generalized. 


GEOMORPHOLOGY. 
Larcer Рнүзосварніс Forns. 


The portion of the Dragoon Mountains discussed in this 
paper consists of a belt of sedimentary rocks trending north- 
west-southeast which is dominated by a granite mass at its 
northerly end. 

The southerly belt of sedimentary rocks, formed by the east 
limb of an anticline, makes a single high ridge which presents a 
steep face to the east where massive limestone overlies shaly 
beds. The ordinarily low, shaly terrane on the east is dominated 
by the resistant Black Diamond quartzitic zhrust mass. 

In that part of the area north of Santa Anna Gulch the belt 
of sediments splits into three prongs pointing toward the Co- 
chise Stronghold granitic mass. Allthe sediments here are met- 
amorphosed to some degree and are very resistant. 

The longitudinal valleys are cut mainly in granitic rock and 
appear to have been controlled by extensive fissuring and fault- 
{ng along the igneous-sedimentary boundaries. Unbroken gran- 
itic masses form outstanding blocks such as Cochise Peak, 

" Sheepshead, and many unnamed lesser monoliths in the Strong- 
hold to the north. | 

Major transverse canyons are almost lacking on the eastern. 
side of the range due to the prevalence there of uniformly non- 
resistant shaly beds on the western side of the range. Santa 
Anna Gulch makes а, deep canyon which heads into Middle Pass. 

It seems probable that the Sorens Canvon originally drained 
southwestward across the wind gaps east of Silver Cloud Peak 
and above Middlemarch mine. А stream south of Silver Cloud 
Peak worked headward, pirated the main drainage line and thus 
reinforced, rapidly entrenched itself. The existence of such a 
major stream im this gulch is necessary to explain the deep 
dissection of this valley across the strike of massive limestone 
beds. However, the Santa Anna stream soon added the Sorens 
Canyon stream to its length, held it for a somewhat longer 
period of time than its predecessor, and finally gave it up to a 
tributary of the Middlemarch Canyon drainage system, as а . 
result of which Middle Pass remains as a wind gap. 
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. The most conspicuous of the smaller topographic features are 
the porphyry dikes. Many stand out as ridges from a few feet 
to tens of feet in height and as much as a mile in length. A 
' very prominent dike crosses Santa Anna Gulch; others are con- 
spicuous on the floor and on either wall of Middlemarch Canyon. 
On the.slopes and pediment below the Black Diamond camp the 
otherwise featureless topography of the shales ав relieved by . 
elongate, porphyry dike ridges. 


DESCRIPTION AND DISTRIBUTION OF THE ROCKS. 


The consolidated sedimentary rocks making up the Dragoon 
Mountains .range in age from Cambrian through Mesozoic. 
Igneous rocks include a small exposure of pre-Cambrian gran- 
‚ ite, the widely distributed Stronghold granite which is intrusive 
into Mesozoic sediments, and porphyry dikes which intersect: 
both the Stronghold granite and the Mesozoic sediments. The 
consolidated rocks are overlapped by unconsolidated late Ter- 
tiary or Pleistocene gravels. 


РВЕ-САМВВІАХ. 


The pre-Cambrian Apache group’ of sedimentary rocks has 
been found as far south as the Little Dragoon Mountains,® 
10 miles to the north, but appear to be absent in this area. A 
small mass of pre-Cambrian granite crops out in an arroyo in 
the extreme southerly part of the area and is unconformably 
overlain by Cambrian quartzite. It is a dark-greenish-black 
porphyritic rock carrying many small foreign schist fragments. 
Most of the phenocrysts make up more than half of the rock. 


PALEOZOIC. 


The Paleozoic rocks are those typical of the southern Arizona 
Basin as distinct from those deposited north of the Mazatzal 


‘Ransome, Е. L,: 1914, Some Paleozoic sections in Arizona and their 
correlation, U. S. Geol. Survey Prof. Paper 98K, p. 181-141, 

*Stoyanow, A. A.: 1986, Correlation of Arizona Paleozoic formationa, 
Bull. Geol. Soc. Amer., 47, p. 474. 

Cook, Frederic Stearns: 1988, “The geology of the Seven Dash area, 
Cochise County, Arizona,” Master’s Thesis, Univ. of Arizona, 

Enlows, Harold Eugene: 1989, “Geology and ore deposits of the Little 
Dragoon Mountains, > Doctor's Thesis, Univ. of Arizona. 
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Land? barrier which extended from southwestern to central Ari- 

zona in Paleozoic times. The sedimentary rocks are the Bolsa 

quartzite, the Cochise sandstones and shales, and Abrigo cherty 
limestones, all of the Cambrian ege, the Devonian Martin lime- 
stone, the Mississippian Escabrosa limestone, and Permian (?) 

hmestones. 

‘Bolsa Quartzsite She Bolsa quartzite, of Middle Cambrian 

‚аде, lies unconformably upon pre-Cambrian granite in the ex- 
. treme southerly part of the area. There it is about 325 feet: 
thick, but elsewhere it is thinner. 

Small masses are present southwest of Sala Peak, but the 
quartzite attains its greatest areal development as thrust 
masses capping Black Diamond Peak, the Sentinel, and Grant’s 
Hill. | 

The quartzite is a vitreous fine-grained rock, шоге blocky 

than slabby, white when fresh but yellow to pink on weathered 
surfaces. On Black Diamond Peak the quartzite is underlain by 
а basal conglomerate and thin conglomeratic layers are present 
in the middle part of the section. 
Abrigo Formation :—In the extreme southerly part of the area, 
485 feet of gray, slabby, thin-bedded limestones separated by 
closely spaced bands of chert are assigned to the Abrigo forma- ` 
tion of Upper Cambrian age. The fifty feet of poorly exposed 
shales beneath the typical Abrigo rocks may represent the Co- 
chise formation.” | 

The limestoné is also well developed in the Paleozoic section : 
west of Sala Peak and overlies the Bolsa on the Grant’s Hill and 
Sentinel thrust masses. 

Martin Limestone :—The Martin limestone! of ù upper Devonian 
age is about 850 feet thick in the southwestern part of the 
area. Here it is a moderately massive-bedded limestone in 
which are intercalated four thin sandstone or quartzite beds. 
The limestones are black, gray, brown, pink and buff, the darker 
hues predominating. A reef of silicified corals, characteristic 
of the Martin in southern Arizona, is present near the top of the 
section. Southwest of Sala Peak the Martin includes five strata, 
apparently thoroughly silicified limestones, from 4 to 20 feet 

* Stoyanow, А. A.: op. cit, р. 481. 

19 Stoyanow, А. A.: op. cit., р, 466. 


Ransome, Е. L.: 1904, Geology and ore deposits of the Bisbee Quad- 
rangle: U. S. Geol. Survey Prof. Paper 21, 88-85. 
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thick. These light-colored beds stand out in р contrast to 
the drab background. 

Escabrosa limestone :—The Escabrosa limestone of Lower Mis- 
sissippian age’ is a cliff-forming, massive bedded white to gray 
granular limestone, in places made up largely of crinoid stems. 
It is about 300 feet thick in the southern part of the area; 
smaller exposures are present south of Sala Peak and on the 


. pediment east of Middlemarch Canyon. It is possible that some 


of the recrystallized limestone mapped as Permian (?) limestone 
in the northerly part of the area is really Escabrosa. 

Permian (P) Limestone :—The Permian (?) limestone” is thin- 
ner bedded than the underlying Escabrosa limestone and the 
texture is finer grained. Some beds have a pinkish hue. Chert 
is common and occurs in irregular bunches and nodules and in 
thin layers. -Lying above the cliff-forming Escabrosa, these 
strata, make up the crest of the range from Silver Cloud Peak 
southeastward.* Similar strata are also found on Sala Peak 
and south of there along Santa Anna Gulch. 

The recrystallized strata making up part of both walls of 
Middlemarch Canyon and extending into the head of Strong- 
hold Canyon are most probably Permian (?) limestones as are 
other smaller areas in the northwest which are mapped as Per- 
mian (?). 

' MESOZOIC. 


The Mesozoic rocks underlie a relatively large portion of 
the area; to the south they occupy much of the area east of the 
crest of the range; to the north they make up the ridge on 
which Aerie Peak is located. Smaller areas are found south- 
west of Aerie Peak and south of China Peak. 

Along the.Dragoon fault, east of the Sentinel and at the 
lower end of Middlemarch Canyon, the base of the Mesozoic is 
marked by a limestone conglomerate containing cobbles up to 
six inches in diameter in a limy matrix. This conglomerate 
lies unconformably upon the Paleozoic limestone. Its thick- 
ness is variable, but east of the Sentinel it is up to 100 feet 
thick. It is absent in other parts of the area. The limestone 


4 


13 Ransome, F. L.: ор. cit., pp. 42-54. 

13 Stoyanow, А. А.: 1986, Correlation of Arizona Paleozoic formations, 
Bull. Geol. Soc. Amer., 47,—. 522. 

** According to Dr. A. A. Stoyanow, poorly preserved fossils collected 
from these beds by the writer have a Permian aspect; hence the Naco for- 
mation (now restricted to Pennsylvanian beds alone) appears to be absent. 
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conglomerate is suggestive of the Glance conglomerate of Bis- 
bee, but no definite correlation is proposed other than that 
these rocks and the overlying skaly series are correlated with 
the Bisbee group (Lower Cretaceous) as a whole. 

Above the limestone conglomerate, or directly upon the Per- 
mian (?) limestone where the conglomerate is absent, lies a series 
of sandstones and shales whose maximum tkickness is unknown. 
The full thickness may be nearly 3000 feet, but, since the section 
may have been repeated by faulting, the total thickness may be 
only about 1000 feet. 

The lower 100 feet of material above the limestone conglom- 
erate is predominately quartzitic. Higher in the section the 
rock is shale with subordinate intercalated sandstones; indi- 
vidual shaly members may be as much аз 100 feet thick, whereas : 
the sandstone members are rarely more than 20 feet thick. Red 
and red-brown colors predominate. 

The southwest wall of Sorens Canyon between Santa Anna 
Gulch and Aerie Peak is made up of a series of epidotized, gar- 
netized, and highly silicified rocks in which wide streaks of black 
hornfelsic material is intercalatea. These overlie about 200 
feet of quartzitic and shaly material which in turn rests upon 
the Paleozoic limestones. 

On weathered surfaces the strata have a brown nondescript 
appearance and are pitted where garnet and epidote have 
weathered out. В. S. Butler has stated! that these rocks are 
similar to the series of rocks lying above the typical lower shales 
and sandstones of Mesozoic age in the Tombstone area. The 
description of the “Novaculite” from that area! seems appli- 
cable in large part to these rocke. 

The variously metamorphosed rocks making up the southwest 
wall of Sorens Canyon have а minimum thickness of 400 feet, 
but northwestward they increase to more than 1000 feet. 


PRE-CRETACEOUS DEFORMATION. 


The Mesozoic rocks everywhere rest upon Permian (?) strata. 
No suggestion of angular unconformity was noted. Hence the 


15 Ransome, F. L.: ор. cit., p. 56. 

28 Oral communication, Aug. 17, 1984. 

м Butler, B.'S, Wilson, E. D. Rasor, С. A.: 1986, Geology and ore 
deposits of the Tombstone district: Univ. of Ari, Bull 148, IX, No. 1, 
19-20. 
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post-Paleozoic pre-Cretaceous deformation of the Bisbee area | 
has no counterpart in this portion of the Dragoon Mountains. ` 


THE STRONGHOLD GRANITE. 


Relation to the Sedimentary Rocks :—The coarse-grained gran- 
ite making up the Cochise Stronghold mass extends southward 
as narrow bands into the area and the borders of the mass itself 
fall within the northern and western limits of the map. 

With one minor exception the granite-sedimentary contacts, 
where well exposed, show that some movement has occurred 
along the contact. The granite is not frozen to the walls but is 
everywhere separated from the sedimentary rock along a sharp 
plane. Apophyses or stringers nowhere extend into the sedi- 
mentary rocks. Breccia is present in the sedimentary rock at ` 
the contacts at the head of Middlemarch Canyon. The Cobra- 
loma adit passes through to the contact and along it for about 
thirty feet exposing a face of slickensided granite on the con- 
‘tact. Gouge is present in many other places and shear zones 
along the contact are general. These data seem to indicate that 
the granite has been faulted against the sedimentary rocks. 

However, when the pattern made by the granite within the 
area of sedimentary rocks is considered it appears most likely . 
that the granite is intrusive. The granite.occurs within the, 
sedimentary rock area in the following structural forms: a long 
dike (extending southeastward along Sorens Canyon), a shorter 
tapering dike (Middlemarch Canyon), a small wedge (south- 
southwest of China Peak), and a plug (on the east wall of 
Middlemarch Canyon). These forms are considered to indicate 
that the rock is intrusive. 

When the metamorphism of the sedimentary rocks in the 
northerly area is compared with the lack of metamorphism in 
the southerly area, a compelling argument is advanced for the 
intrusive nature of the granite; near the head of Sorens Canyon 
the rocks are now largely -hornfels, schistose rock has been 
developed southwest of China Peak, and the Paleozoic limestone 
rocks have been recrystallized, bleached, silicified and 
mineralized. | | 
Description:—The Stronghold Granite in most places is white 
where fresh and light yellow where weathered; it has a medium 
_ to coarse-grained texture and may be described as porphyritic, 

although the porphyritic character is not everywhere readily 
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apparent in the hand specimen. The phenocrysts are stubby 
euhedral orthoclase feldspar grains. 

The Stronghold granite is intrusive into Mesozoic rocks and 
is considered to have been implaced during the Laramide Revo- 
lution, following the folding of the range. 


MINOR INTRUSIVES. 


Aplite:—In several places & late aplitic granite is present as 
small dikes generally less than a foot wide. These intrude both 
the sedimentary rocks and the Stronghold granite. | 
Rhyolite sanidine porphyry :—Near Salas ranch house are two 
small dikes of pink rhyolite porphyry which are intrusive into 
Paleozoic rocks. The rock contains phenocrysts of euhedral 
quartz and sanidine feldspar. 

Rhyolite albtte porphyry:—The topogrephically impressive 
system of rhyolite porphyry dikes have already been mentioned. 
This porphyry is brown to lavender on fresh or, weathered sur- 
“faces. It contains phenocrysts or quartz, albite feldspar, and 
subordinate pyrite. · 

The dikes are vertical or almost vertical in abtitude and 
nearly all'of them trend northwest-southeast. Since these dikes 
are intrusive into the Stronghold granite, they are regarded as 
a late differentiation product of the same parent magma. ' 
Diabase Dikes:—Short narrow diabase dikes have been found 
in a number of places. These intersect both the sedimentary 
rocks and the Stronghold granite. The diabase is character- 
istically black or greenish-gray aspect where weathered. 


8TRU CTURAL DEFORMATION, 


Except for the recent unconsolidated detritus skirting the 
range and partly filling the deep canyons, no sedimentary rocks 
in the central Dragoon Mountains remain in their original un- 
disturbed position. Great stresses, acting from the southwest 
or northeast, have crumpled and broken the strata into many 
units. Other deformation of jene magnitude has also meen 
active. 


A summary of the structural events is as follows: 

‚1. Sedimentation in the Paleozoic and Mesozoic eras. 

2. Low-angle overthrust faulting, probably; acting from the 
southwest, | 

8. Folding of the sediments into broad open: folds.: Reverse 


HE: 
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faulting took place where competent strata were unable 
to fully adjust themselves to the compressive forces by 
folding. . 

4. Intrusion of the Stronghold granite and associated dike 
rocks. Minor normal faulting followed volcanism. 


THE FOLDS. 


Folds dominate the structure of the portion of the Dragoon 
Mountains discussed in this paper. Later faulting has destroyed 
the unity of these folds and granite has obliterated parts of 
them. 

In the southerly part of the area two parallel anticlines, axes 
of which fall on either side of the range, trend northwest and 
southeast. They are in contact along a reverse fault. 
оет Cloud anticlene:—The Silver Cloud anticline, on the 
southwestern side of the range, makes up the two spurs extend- 
ing west and southwestward from Silver Cloud Peak. On the 
southwest spur the Abrigo, Martin, Escabrosa, and part of 
the Permian (?) formations are well displayed (section E-F”, 
Fig. 8). Due to a gentle northwest pitch of the fold, however, 
the more northerly spur does not reveal the Abrigo limestone at - 
the surface. The massive limestones dominate the structure and 
they crop out with a broad bold sweep. Thin-bedded Abrigo 
limestones exposed in the arroyo southwest of Silver Cloud. 
Peak.have responded differently to compression. Here a com- 
plex system of tight, contorted, &nd overturned drag folds 
strongly contrast with the broad arch of the overlying massive 
limestones. In the most southerly portion of the map area, the 
Paleozoie formations of the northeast limb are well exposed; 
the southwest limb, of which only а small portion crops out, has 
been faulted against the pre-Cambrian core of tthe fold and the 
upper part of the Devonian limestone lies upon it (section 
‚ G-G’). 

. The northeastern limb of the Silver Cloud anticline is brought 
against the Mesozoic shales along the Dragoon fault. The fault 
is a warped plane dipping steeply southwest, and where the 
Paleozoic rocks make a reentrant into the Mesozoic rocks a syn- 
clinal structure is developed. Two such synclinal embayments 
are present; one at the southeast end of the range and one just 
east of Silver Cloud Peak (section H-H’ and Е-Е”, Fig. 3). 

Section @-С/ is taken where the Dragoon fault trends west- 

ward and the synclinal development of the northeast limb of the 


, 
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. Silver Cloud anticline,is lacking ; unlike section H-H’, auc р 
it does not show all the elements of the original structure. Sec- 
tion G—G’ shows the basal Mesozoic conglomerate lying upon 
the Paleozoic rocks in sedimentary contact and establishes the 
fact that the full (local) thickness of Paleozoic rock is present 
there. 

To the northwest the Silver Cloud anticliné is limited by a 
cross fault of small displacement. | 
Black Diamond anticline:— The axis of the Black Diamond 
anticline lies on the northeasterly slope of the range; the entire 
fold lies within the Mesozoic sediments (sections Е-Е“, 6-6”, 

‚ала H-H’, Fig. 3). The northeastern limb is well exposed on 
the slopes below Black Diamond Camp and the southwestern 
limb higher on the slopes beneath the cliff-forming Glance. This 
anticline, unlike the broad arch of the Silver Cloud anticline, 
appears to be a sharp crease separating two series of isoclinal 
sediments. 

Northwestward the axis of the Black Diamond anaes is 
replaced by granite, but the northeast limb is seen on the prom- 
inent ridge just east of the Sentinel (section Е-Е’, Fig. 8). 
The limb is made up of Mesozoic massive limestone conglomerate 
and overlying shales, underlain by limestone bearing abundant 
brachiopods, considered to be Paleozoic in age. Southeast 
plunge of the anticline is thus indicated. It may be surmised 
that the basal Mesozoic conglomerate which crops out near the 
Sentinel lies only a short distance below the anticlinal axis 
south of Black Diamond Peak. | 

The Silver Cloud and Black Diamond folds are considered to 
have been part of the same structure. This structure was 
broken by a fault along which the Silver Cloud anticline rose a 
minimum of 500 feet (section G-G’), bringing Paleozoic rocks 
on the west side of the range to & level comparable to the Meso- 
zoic rocks on the east. | 

The northern portion of the area considered in this paper | 
differs markedly from the southern portion discussed above. 
Taken as a whole, the northern area may be said to consist of an 
anticlinorium on the southwestern side of the range, the north- 
eastern limb of which develops into a syncline (section D—D’), 
the axis of which lies in Sorens Canyon. The northeastern 
limb of the syncline forms both walls of Middlemarch Canyon. 
Northward increasingly greater portions of the structure give 
way to the Cochise Stronghold granite mass. 


a 
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Middlemarch syncline: The northeast limb of the Black Dia- 
mond anticline has been traced northward to.a point directly 
` west of the Sentinel where the Mesozoic conglomerate forms a 
ridge. Northeast of the Sentinel, across the mouth of Middle- 
march Canyon, the conglomerate again crops out. There it is 
‘underlain by Paleozoic limestones which have a southwest dip; 
a syncline, here called the Middlemarch synzline, is evident (sec- 
tion Е-Е”, Fig. 2). 

The rocks making up both walls of Middlemarch Суон dip 
to the southwest (sections D-D' and C-C, Fig. 2) and both are 
therefore considered to be part of the ncrtheast limb of the 
Middlemarch syncline. The axis of the syncline trends west- 
northwest, but flexes westward at the mouth of Sorens Canyon 
and passes northwestward. А corresponding flexure along the 
strike has been observed in the massive Paleozoic limestones on 
the ridge southeast of Noonan Peak (Fig. 2). 

The southwest dipping strata making beth walls of Middle- 

march Canyon may be traced northwestward to Stronghold 
Canyon with moderate continuity. Thus an unbroken series of 
folds (the Middlemarch syncline and Black Diamond anticline) 
appear to extend.from the southeasternmost part of the area 
to Cochise Peak. "This contrasts with the dissimilar folds on 
.either aide of Santa Anna Gulch on the western side of the range 
and it is believed therefore, that the transverse fault mapped 
in Santa Anna Gulch which separates them dies out northeast- 
ward except for the flexures mentioned. 
Sala anticlinorium: In the area south of the Aerie it is seen that 
the Sala anticlinorium consists of three distinct anticlines with 
intervening synclines (section D—D'). ‘The three anticlines 
оссиг within &bout the same distance across the strike as that 
required by the Silver Cloud anticline, but the Sala anticlino- 
rium and the Silver Cloud anticlime are not considered to be 
parts of one structure. It is thought that the strata north of 
Santa Anna Gulch, although possibly continuous with the strata 
to the southeast in the early stages of folding, acted as an inde- 
pendent unit and were shortened a relatively greater amount and 
are now separated from the Silver Cloud anticline by a cross 
fault of small displacement as noted above. The offset at the 
head of Santa Anna Gulch is cited as evidence for this interpre- 
tation. 

The folds south of Aerie Peak strike about N45^W and 
plunge less than 5° to-the southeast. The two higher anticlines ` 
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are traced to the spur- connecting Salas Peak with the Aerie. 
The projection one-half mile northwest of this point is hypo- 
thetical in part because metamorphism of the strata has largely 
obliterated the bedding planes and salient characteristics. 


' Directly west of Salas Peak the simple folded structure is des- 


troyed. Bolsa quartzite of the Cambrian is brought up to a 
high level and a mashing of the structure by some force acting 
obliquely to the strike is suggested. 

The lowest of the three anticlines shown in section D—D' is 
traced west-northwestward where it breaks into a series of im- 
bricate reverse faults. They are considered below. 

The folds in the Gordons claims area are not continuous with 


. those of the Sala anticlinorium but are separated from the latter 


structure by a cross fault. Here, within а basin-like depression 
(section В—В'), a slightly warped lower Paleozoic section has 
been brought against Mesozoic shales by a reverse fault. The · 
Mesozoic shales themselves bear a thrust mass of folded Penn- ` 


‚ sylvanian limestones directly upon them. Presumably the Meso- . 


D 


zoic strata beneath the thrust mass are folded as well. ‘The 
strata may have been continuous with the rising Sala anticlin- : 


, orium but greater relief was gained by faulting and a markedly 
. different structure was created. 


FAULTS A880CIATED WITH FOLDING. 


In several places the strata were unable to obtain full relief 
by folding during periods of mountain building and further, 
relief was gained by reverse faulting. In addition, important’. 
cross-faulting occurred at this time. С 
Dragoon fault: The Dragoon fault, the trace of which extends 
northward for a distance of almost three miles from the southern 
limit of the area, is a high-angle reverse fault. Where it crosses 
the deep gulch southwest of Black Diamond Peak the fault 
plane dips about 75° to the southwest. One-half mile north of 
Silver Cloud peak the Dragoon fault is lost in the granite; how- 
ever, there seems to be no necessity to postulate its northward 
continuation into the area east and southeast of Aerie Peak. ' 


- 7 At the head of Middlemarch Canyon Mesozoic sediments rest 


on Paleozoic rocks along a fault dipping steeply to the south- 
west. ‘This is considered to be a reverse fault, related in time 
to the Dragoon fault, and possibly an offset continuation of the 
Dragoon fault. | 
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On the westerly side of the range, a well? defined, high-angle 
reverse fault. which dips 80° to the southwest (section C-C’) 
crosses the saddle on the spur extending south-southwest of 
Salas Peak. Immediately to the southeast Cambrian, Devonian, 
and Mississippian strata have locally been ‘brought to the sur- 
face along lower-angle reverse faults which probably originated 
as bedding faults. АП these faults tend to merge and pass 
into a fold a short distance to the southeast; hence they are 
genetically related to the early period of Zolding. 

Miscellaneous strike faulis: In the extreme southern part of the 
area Martin limestone of the pediment lies against pre-Cambrian 
granite along a fault plane which dips 45° to the southwest. 

Here normal faulting accompanied the rise of the massive gran- 
ite and quartzite along the pitch of the Silver Cloud fold. 

In the basin-like area south of China Peak a fault is postu- 

lated between the warped, low-angle reverse fault block and the 
lower’ Paleozoics immediately to the southwest. On the hill 
above Middlemarch mine a wedge-shaped block of Mississippian 
limestone rests upon Mesozoic limestones. This small overthrust 
is classed with the faulting movements developed concomitantly 
with the folding, because it has affected younger strata than 
those of the large overthrust sheet, remnants of which entirely 
surround this area. 
Cross faults:—The cross fault mapped : in Santa Anna Gulch 
separates the Silver Cloud anticline (which pitches to the 
northwest) from the Sala anticlinorium (which pitches to the 
southeast). An offset along this fault is seen at the head of 
Santa Anna Gulch. Since the Middlema-ch syncline continues 
unbroken across the eastward projection of this fault, the fault 
is considered to pass into a cross fold at the mouth of, Sorens 
Canyon. | 

А second cross fault that- extends from a point south of 
Gordon’s Claims northeastward across the backbone of the 
range and across the southwest wall of Middlemarch Canyon. 

One half mile south of Gordon’s Claims prominent Paleozoic 
limestones are abruptly terminated in a deep gulch. The north- 
eastward continuation of the fault postulated here separates 
the infaulted Cambrian of the early overthrust sheet оп. the 
southwest wall of Sorens Canyon (section А-А’) from the 


Ам. Jour. Scr.—Vor. 244, No. 9, БЕРТЕМВЕН, 1946.. 
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Mesozoics farther on down the canyon. The cross fault on the 
wall of Middlemarch Canyon. just above the Cobraloma ргоз-^ 
_pect may be a further continuation of this fault. 

Cross faults of smaller magnitude mapped in the northwest- 
erly portion of the area are lost upon entering thé Mesozoic 
shales. | 
Direction of force: Good determimations of the inclination of 
axes of the folds have not been made. However, the inclination 
of the planes of high- and low-angle faults associated with the 
folding indicate conclusively that the force creating the folds 
and faults came from the southwest. 


THE OVERTHRODUST. 


Preceding the post-Cretaceous folding, the initial compres- 
sive forces caused а flat-lying sheet of lower Paleozoic rocks 
to override Mesozoic and Upper Paleozoic strata. The thrust 
sheet was involved in the later folding and faulting, was partly 
assimilated or stoped by granitic intrusion and has suffered 
greatly from erosion. Portions of the thrust mass do remain, 
however, and crown the Black Diamond and less majestic peaks. 
Grant's Hill:—On Grants Hill, at the head of Sorens Canyon, 
the overthrust is composed mainly of thin-bedded Abrigo lime- 
stone, but on the northeast and southeast sides of the hill the 
underlying Bolsa quartzite crops out (section A~A’). These 
Cambrian strata rest on steeply dipping Mesozoic shales which 
pass entirely beneath the hill and appear again on the other side. 
` This thrust mass, projected, forms the southwest wall of Sorens 
Canyon (section А-А’). The steep southwest dip indicates a 
later folding of the thrust plane. 

On the prominent spur extending northward from Cochise 
Peak are two small “islands” of thin bedded Abrigo limestone 
(Fig. 2), each of which is entirely isolated and rests on granite. 
They are remnants of the larger thrust sheet which covered this 
area.. The lower portion of these blocks has been stoped out or 
replaced by granite. It seems then that the Grant’s Hill mass 
forms the crest of an arch over this part of the range. 

A small remnant of Bolsa quartzite lies on the south slope of 
Cochise Peak. Half a mile down the canyon from Cochise Peak 
and west of the Sentinel are two other quartzite masses of simi- 

.lar character. 
The Sentinel:—An outstanding till known as the Sentinel is 
capped by a mass of Bolsa quartzite dipping to the southwest. 
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The northeast portion of the mass has been dropped slightly by 
late normal faults; 50 feet of typical Abrigo limestone lie above 
the quartzite in the down-dropped northeastern block. 

A small quartzite mass on the southeast wall of Middlemarch 
Canyon (northeast of the Sentinel) rests upon Mesozoic lime- 
stone conglomerate. lnrmédiately to the northwest of this mass 
another rests upon Paleozoic limestone and half a mile to the 
northwest a third very small isolated quartzite mass also rests 
upon Paleozoic limestone. These are all considered to be Bolsa 
quartzite and part of the folded overthrust sheet of which a 
portion forms the Sentinel. 

Black Diamond area:—Black Diamond Peak is a large quart- 
zite mass resting on granite and Mesozoic shales which dip 
northeastward. The northwest-southeast alignment of the 
quartzite cappings from Grant's Hill to the Black Diamond, 
the structural similarity of Black Diamond quartzite to the 
rocks capping the Sentinel and Grants Hill, and the fact that 
the quartzites forming Black Diamond Peak extend to a lower 
elevation and rest with angular ufüconformity of Mesozoic 
shale and the appearance of the rocks themselves are considered 
&s reasonable proof that these rocks are the Bolsa quartzite. 

On the north and northeast slopes, lower than the peak by 
two to five hundred feet, large detached quartzite blocks imme- 
diately suggest slump masses derived from the peak or segments 
lowered by block faulting. Directly east from the peak on one 
less deeply cut spur the quartzite forming the peak descends 
1000 feet and the mass as а whole is seen to be folded and cor- 
responding roughly in structure to the Black Diamond anticline. 

А mile and a half southeastward of Black Diamond Peak a 
massive quartzite block rests on upper Paleozoic limestones. 
This mass, lying within a syncline of upper Paleozoic rocks, is 
considered to be а thrust block of Bolsa quartzite similar in 
character and history to the Black Diamond, Sentinel, and 
Grant's Hill thrust masses. 

In summary, then, five well-defined thrust masses of Cambrian 
strata are found in the area mapped. Two of the blocks rest 
entirely or in part upon Mesozoic shales, one rests on the basal 
Mesozoic limestone conglomerate, and one upon Upper Paleozoic 
limestone. The sole upon which the Sentinel mass rests has ' 
been replaced by later granite. 

Age of Overthrusting :—The time of overthrusting cannot 
‚ргоуед conclusively, but the evidence that can be cited indi 
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the overthrusting preceded the folding. The reasons for con-: 
sidering the overthrust early in time are briefly summarized as 
follows: first, there is a reasonable similarity between such folds 
as the Middlemarch syncline ‘and the Black Diamond anticline 
and the warped overthrust masses; second, the thrust masses 
are almost conformable with the underlying sole rocks—lack of 
conformity in places is ascribed to the rumpling of shales by the 
overriding mass ; third, several blocks are in protected positions . 
(on the assumption that the thrust came from the southwest) 
and their later emplacement would necessitate an extremely 
warped thrust plane; fourth, the thrust plane intersects only 
uppermost Paleozoic and lower Mesozoic sediments; fifth, at the 
head of Sorens Canyon the thrust block has been involved in 
a reverse fault similar in character to and possibly a continua- 
‚ tion of the Dragoon fault and hence almost certainly рте 
before folding. 


LATE NORMAL FAULTING. 


In a few places high-angle normal faulting took place at a 
definitely late stage. On Grant’s Hill, the Sentinel, and perhaps 
Black Diamond Peak, the quartzite thrust masses drop off in 
successive little steps in an eastward direction, These faults 
trend with the range and regional structure. They are regarded 
as resulting from settling movements that took place after com- 
pression had ceased. However, since small offsets are present 
from place to place in the granite-sedimentary contacts, they 
are.more likely to be related to forces exerted following the 
intrusion of the Stronghold granite, the last major event 
recorded in the geologic history of the area studied. 


RÉSUMÉ OF GEOLOGIC HISTORY. 


The geologic history of the area may ђе summarized as fol- 
lows: In pre-Cambrian times igneous intrusion of older, prob- 
ably schistose, rock took place. By the end of pre-Cambrian 
time the region had been eroded to low relief. The Paleozoic ` 
sediments deposited are typical of those laid down in the south- 
ern and south central Arizona Paleozoic basin. 

' In shallow seas of late Middle Cambrian time the Bolsa inde 
zite and Cochise shales were unconformably deposited upon the 
pre-Cambrian rocks. "These quartzites were followed by shales 


19 Stoyanow, А. A.: 1942, Paleozoic Paleography of Arizona: Bull. Geol. 
. Soc. Amer., 58, 1261-1269. 
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and thin-bedded limestones of the Abrigo formation of early 
Upper Cambrian age. 

No trace of Ordovician or Silurian strata has been recog- 
nized. Martin limestones of Devonian age were laid down upon 
the Cambrian shaly limestones. Deepening of the Upper Devon- 
ian trough in Mississippian times led to the deposition of mas- 
sive limestones upon the upper Devonian strata. Although 
Pennsylvanian and Permian times ushered in a new transgres- 
sion of the sea, the Permian (?) limestones of the Dragoon 
Mountains rest upon the Escabrosa limestones without conspic- 


` uous break. 


_ A period of erosion followed and in Mesozoic times the en- 
croaching seas trapped coarse local material brought out of 
the higher land areas to form a basal conglomerate.’ Shallow 
` seas persisted through much of the remainder of Mesozoic age 
and а great thickness of shaly sediments was deposited. The 
depositional basin was for the most part unstable, for quart- 
zites, arkoses, shales, and limestones were deposited alternately 
and no single rock type appears to attain any great unbroken 
thickness. Tuffs, characteristic of the Mesozoic in other parts 
of southern Arizona, were not recognized. 
' Toward the end of Mesozoic time Paleozoic sediments were 
thrust northeastward (?) over the area and in places Cambrian 
strata came to rest upon Mesozoic shaly rocks. This movement 
was followed by crumpling of the sediments (and their over- 
thrust burden) into moderately close folds. Massive and brittle 
strata broke when stressed too greatly and sought upward relief 
along both high and low angle faults. 

Following the period of folding, & great mass of molten rock 
forced its way upward, stoping out large segments of rock in 
its path, pushing aside others and metamorphosing the adjacent 
sediments. Late, high-angle faults of small throw record а 
gentle settling at the termination of the compressive and igne- 
ous activity. 

Further folding, fauiting or igneous activity is not recorded 
in this portion of the Dragoons and orogenic forces арреаг to 
have been spent. The intense compression had raised these 
rocks to higher elevations. Erosion followed and in part 
stripped the pile to its core and buried the lower lying bases in 
a heavy mantle of alluvium. Ata late date a slight uplift gave 
new vigor to the streams. 
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CRYOPEDOLOGY—THE STUDY OF 
FROZEN GROUND AND INTENSIVE 
FROST-ACTION WITH SUGGESTIONS 
ON NOMENCLATURE. 


KIRK BRYAN 


ABSTRACT. Cryopedology is suggested as a suitable name for the sub- 
“science concerned with the study, both theoretical and practical, of inten- 
sive frost-action and permanently frozen ground. Sixteen other terms are 
also introduced and defined. Of these the important ones are pergelisol, 
permanently frozen ground, and mollisol, the overlying seasonally thawed 
"ground in which intensive frost-action occurs. In areas where this action 
has ceased, the surface: layer has been frost-disturbed or subject to con- 
geliturbation. It is a congeliturbate—a term which includes all varieties 
of warp, trail, head, Coombe rock, solifiuction deposit, Erdfliesse, etc. It is 
believed that these and the other suggested terms will facilitate discussion . 
of the problems of the Arctic and of the ancient frost-action of periglacial 
areas. 


INTRODUCTION. 

TUDY of the action of frost, particularly in the Arctic and 
in areas having a periglacial? climate during the Ice Age 
goes on apace. However, discussion of the problems involved 
is handicapped and confused by the awkwardness and inade- 
quacy of available terms. The present paper is concerned with 
the propriety of introducing some order into the terminology by 
the adoption of new terms and the modification of certain older 
ones. All future needs cannot be anticipated but the proposals 

here made should give a measure of relief. 
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+ This term was introduced by Lozinski (1909) for (1) the area adjacent 
to the border of Pleistocene ice sheets; (2) the climate characteristic of 
this area; (8) and, by extension, the phenomena induced by this climate 
even if located outside of the main periglacial zone. The term is now well- 


established: Cailleux (1942), Zeuner (1945), Bryan (1928), Smith (1986), 
‘Denny (1986), Sharp (1942-A). 
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. THE GENERAL PROCESSES. 


In our textbooks discussion of weathering and erosion is 
largely confined to types of activity.current in temperate cli- 
mates. The relatively modest róle of frost-action in temperate 
climates can be described with ordinary English words. *Frost" 
has, according to Webster, several meanings: (1) the act of 
freezing, applied chiefly to water; (2) the state of the air 
which occasions freezing; (8) frozen dew or hoarfrost; (4) ` 
metaphorically, coldness of temperament, etc. The first two 
senses are those commonly in use in geological discussions. The 
word is also a verb, “to frost," in which the meaning is more 
confused: (1) to frost or freeze vegetation; (2) to cover with 
hoarfrost and hence (3) to produce a “frosted” or matte sur- 
face on cake, metals, or other substances. In order to describe 
the action induced by freezing and thawing, geological writers 
have been forced to compound the terms “frost-action” and 
“frost-work.” Webster does not define “frost-action” but the 
meaning of “frost-work” is given as the pattern of ice crystals 
on а window pane or other surface. 

Thus the general use by geologists of “frost-action,” “frost- 
work," “frost-splitting,” “frost-split,” “frost-riving,” “frost- 
riven,” “frost-heave” and “frost-heaved” is not completely sup- 
ported by dictionary definitions. However, these terms are all : 
perfectly derived verbal nouns and adjectives of self-evident 
meaning. There is, however, no way of deriving.from these 
verbal expressions corresponding nouns for the products of the 
varieties of action that they imply. All that can be done is to 
use expressions such as “materials produced by frost-action,” 
or “frost-split fragments" or “frost-heaved ground." Experi- 
ence shows that such roundabout expressions are awkward and 
inadequate. Several terms have been introduced for particular 
frost-born products but no satisfactorv general terms of wide 
connotation have yet been brought forward. 


THE NEW 8UB-8CIENCE— —CRYOPEDOLOGY. 


The present wave of interest in the Arctic stemming from the 
recent war, involves studies in both pure and applied science. 
This new drive will advance-knowledge in a field which hereto- 
fore has been investigated for its own sake or for application 
to the problems of the Pleistocene. The construction of roads, 
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airfields and other facilities gives rise to problems new to Ameri- 

can engineers and construction men. The extensive experience 

and studies by the-Russians in Siberia have been summarized in 

the excellent manual.by Muller (1945). New studies have: 
recently been undertaken in Alaska by the U. S. Geological 

Survey and by the U. S. Engineers. This economic interest 

reinforces and adds a drive which means progress in the study 

. of intensive frost-action and permanently frozen ground. 

It appears that а new sub-science is being created and that it 
deserves а name. “Cryopedology” is proposed (see also Bryan, 
1946) аз a suitable name, being derived from krüos, xpvos, icy 
cold, pedon, тоу, ground or soil and logos, Aóyos knowledge. 
The Greek root “cryo” is familiar in the words cryolite and 

cryogenic and “pedon” in Pedology or Soil Science. 

- As thaw as well as freeze is an important factor in all the 
processes studied, it is unfortunate that the idea of thaw cannot 
be included without unduly lengthening the term. However, 
freeze and thaw are ideas so closely joined in our thought that 
one suggests the other. ‘The term Pedology also is not as exten- 
sively used as one would expect because of confusion with Paed- 
ology, the medical science of children’s diseases and care. More- 
over, many soil scientists limit their work to the upper layers 
produced by soil process (weathering) whereas frost involves 
` very considerable depths below the surface. However, Paleo- 
pedology is obviously concerned with weathering to any depth 
(Bryan and Albritton, 1948) and is thus а model for Cryo- 
pedology. | 

In the remainder of this paper the various processes and 
phenomena of Cryopedology are reviewed and a set of terms is 
proposed. The terms should be general in import and allow 
the retention of local'and special terms. So far as new varieties 
are discoverable, new names may hereafter prove necessary. 
Local words with local connotations are so useful, particularly 
in reports of an economic import, that many of these terms 
should be retained as synonyms. The new terms are compounded . 
80 far as possible from familiar roots already established in 
English usage. They will, therefore, be readily converted into 
other European languages. 


NEED FOR GENERAL TERMS. 


Frost-action as a term involves a variety of processes and 
implied results. There are the phenomena of freezing. As 
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shown by Taber (1929 and 1930) the onset of low temperatures ` 
freezes the water in the pores of the ground but there is little 
, resulting expansion. In a body of ground provided with capil- 
lary pores and connected to unfrozen water-bearing ground, 
ice continues to crystallize in layers and masses. Expansion. 
of the frozen layer ensues and results in thrusts in all directions. 
As the direction of easiest relief of strain is upward, expansion 
of the ground in that direction is notable and is usually called 
frost-heave. However, the -upward expansion is frequently 
. highly concentrated at spots having the best capillary connec- 
tions to the best water-supply. There is no common expression 
for the lateral thrust resulting from expansion although hori- 
zontal as contrasted with vertical frost-thrust would sufficiently 
carry the meaning. As shown by the studies of Taber (1929- 
1980) and of Beskow (1930) the physics of the ре seem at 
present to require no new terms. 

However, the. thawing of frozen ground induces new move- 
ments. The frozen ground usually contains ice to a volume 
much greater than the volume of pore space. On melting the 
grains are separated from each other by films of water and the 
mass lacks coherence. There results differential and mass flow. 
Our present knowledge is insufficient to describe all the intri- 
cacies of this flow. The objective of many students is to ana- 
lyze the movements completely. ` It is certain, however, that if 
the melt-water can escape, much fine-grained material is carried 
off. Further the body of melted ground is rear ranged by differ- 
ential movement and, if a gradient exists, there is also a mass 

. flow down slope. . 

These movements may be arrested by а new freezing cycle 
and obviously the number of alternations from freezing to melt- 
ing and their duration and intensity. affect the movements. 
Further, every cold period is accompanied by evaporation of 
water and ice. The surface of the ground becomes loose and 
pulverulent. This dry layer also modifies movements on later 
melting. | 

The mass movement down slope was named by Andersson 

. (1906) “solifluction” (from solum, soil and fluere, to flow). 
His term, not being strictly limited to flow under conditions of 
freeze and thaw, has been extended to cover soil flow under 
other conditions. Salomon-Calvin (1929), who restricts soli- 
. fluction to motion over a base of permanently frozen ground, 
points out that those who use solifluction as synonymous with 
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~ “soil flow" need another expression for the process described by 
Andersson. This new term is here suggested. 

Furthermore the movements of material under severe freezing 
and thawing are not confined to simple mass flow but are more 
complex. Fine-grained materials are winnowed out so that the 
surface layer'is coarser than the base. Also the coarse and 
fine components of the surface layer move differentially so as to 
produce the much studied and highly varied “soil structures.” 

The down-slope movement of the fine-grained components is 
presumed to be largely a flow as mud and is called by English 
writers *sludging." Zeuner (1945) and Muller (1945) propose 
to call the product of “sludging” by the provincial English 
word “slud.” Whether it is possible to make a distinction 
between materials which have flowed as labile muds and those 
washed off and carried off by melt water as held by Salomon and 
others is uncertain. The present use of “solifluction” and 
“sludging” implies that a distinction between two types of mass 
movement can be made. 

What can be proved easily is that the surface layer, 1 to 8 
feet thick and in places as much as 10 feet thick, has been dis- 
turbed and that some of its components have been translated 
down slope. The nomenclature here proposed emphasizes the ' 
disturbance rather than the fact or the method of down-slope 
movement. | 

In summation, the easily ascertained effects of intensive frost- 
_action can be assigned to two groups of related processes: 
(1) ‘the break-up of rock by freezing of water, a familiar proc- 
ess; (2) the differential and down-slope movement of the surface 
layer. The latter process, although it has been the subject of 
many studies over the past 30 years and in spite of the pursuit 
of these studies at an accelerated rate, is still not well under- 
stood. Most of the difficulties in nomenclature are in this field 
of effort. The literature is large. Steche (1934) has listed 
about 250 papers. The most penetrating review is by Lozinski 
(1984) and the American literature is increasing rapidly 
(Sharp 1942-B). 


TERMS FOR FROST-SPLITTING. 


The break-up of rock by freezing normally requires repeated 
freezing with intervals of thawing and results in the production 
of rock spalls and also in the comminution of rock into small . 
grains. These phenomena are referred to as “frost-splitting” 


> 
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or “frost-riving” and the fragments are said to be “frost-split” 
or “frost-riven.” These are good English expressions and 
unobjectionable. They are paralleled by the German, Frost- 
‚ sprengung and Spaltenfrost. The slim crystals of ice which 
form at right angles to the ground surface are called needle 
ice, and in German, Pipkrake. However, no word is available 
for the product of frost-splitting either.as individual pieces or 
as amass. lf comminution of rock is as important a process 
as contended by Bertil Hógbom (1914) and by Taber (1948), 
then a word is necessary. | 

In compounding а new term, the obvious root is derived from 
Latin gelo, gelare, to freeze, and gelu, frost. There are many 
derivations in English, most of which refer to the formation of 
a jelly from a liquid, as gelatine, gelatinize, etc. However, 
“gelation” means to cool from a molten state and “regelation” 
is familiar as the process of refreezing of ice under pressure. 
The Latin, congelare, to freeze, is familiar in the word congeal, 
derived through the French, and the prefix con blurs the sound 
of gel (+) so that the compound becomes distinctive. 

Thus for frost-splitting the word congelifraction is proposed 
from congelare to freeze and fractare, to break. There is then 
available the noun “congelifract” for the individual fragment 
produced. If the congelifracts are large, the body or heap of 
fragments or “spalls” is a rubble of congelifraction. But there 
are many kinds of rubble and precision is necessary if one is to 
distinguish between heaps of rubble produced by simple gravita- 
tional accumulation in a warm desert, and the rubbles of talus 
in a cool mountain area where most of the rock spalls are “con- 
gelifracts.” Further, the comminution of rock into mineral 
grains by frost-action produces a distinct type of sand and 
finer fragments. Both large and small congelifracts would ' 
form bodies of material to be designated by the term “congeli- 
fractate.” 


TERMS FOR MOVEMENT UNDER FROST-ACTION. 


As previously pointed out, the term solifluction is no longer 
strictly confined to flow under freeze and thaw (Sharpe 1938). 
A. Heim (1908) for instance has introduced “subsolifluction” 
for the flow and sliding of soft materials under sublacustrine and 
submarine conditions. 

However, some authors such as the Abbé Breuil (1984) not 
only use solifluction for the process but also for the product. 
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Such usage may be justified in French grammar, but is not to be 
excused in English. Nor can the spelling “solifluxion” common 
in the writings of English authors be strongly defended. Many ` 
English authors use, the expressions “solifluction deposit," 
“solifluction layer" (Zeuner, 1945). Others are slightly con- 
fused in their usage.. Thus Paterson (1941 p. 5) says in a 
single paragraph, “Solifluxion 5 indicated a recrudescence of 
precipitation ...;’ “Subsequent to solifluxion 6 . . .;” “These 
gravels are capped by a weakly developed. solifluxion 7. . . .” 
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Fig. 1. Section of the Newlay Gravel Pit in Airdale, England, from Dines 
et al 1940. Drawing is without scale but height 15 about 10 feet. Shows 
interfingering of congeliturbate with water-lajd sand and gravel of outwash 
terrace. 


‘Here the process, the time involved and the deposit from which 
the two are inferred are inextricably entangled. Paterson (1941 
р. 876) also uses “soliflual” as an adjective and as a noun, and 
the undefined term “suffosion bursts.” 

The existence of masses of unsorted material overlying bed- 
rock and the older glacial tills has long been recognized in 
England. А brief history of thought has recently been pub- 
lished by membérs of the British Geological Survey (Dines 
et al. 1940). The literature begins in 1788 and from the begin- 
ning these deposits of rubble, clay and sand were recognized as 
formed: (1) by processes no longer in action; (2) аз now sub- 
ject to modern rain wash and weathering; and (8) in places 
dissected by streams or cut into. bluffs by modern wave action. 

The term “head” was introduced in 1839 by de la Beche but 
“Diluvium,” “subaerial beds,” “masses of detritus,” “Angular 


Cryopedology. | . 629 


Flint Drift,” “Angular Drift," ‘Coombe Rock,” “erratic warp,” 
“warp,” “trail,” “clay with flints," “Rubble Drift,” “Coombe 
Deposit,” “Taele gravels,” and “solifluction deposits” are terms 
used by various authors. | 

The discussion and illustration of Dines ef al. are illumi- 
nating. In Fig. 1 here reproduced, they show frost-moved 
rubble interfingered with “late glacial” gravel, sand and silt 
in Newlay Gravel Pit. “Тһе stony layers are packed with 
angular fragments of ganister [quartzite] and sandstone up to 
a foot in length and are obviously derived from a Coal Measures 
sandstone which crops out on the hillside 300 yards to the south, - 
the slope being about 5°. Some of the ganister fragments show 
polishing which may be attributed to wind-driven sand.” 

The relation of frost-formed deposits to the limit of glacia- 
tion and to the outwash of the later stage of the New Drift 
[presumably equivalent to Middle Wisconsin] is shown in Fig. 2. 

The frost-moved materials consist largely of rearranged 
boulder clay. The mappable portions are largely confined to 
side valleys and two of the patches pass laterally into the out- 
wash gravels extending downstream from the terminal moraines, 
No frost-moved deposits occur within the glacial limit. Thus 
it is inferred on these lines of evidence that the mapped bodies 
were formed in the periglacial climate of the York-Escrick 
stage. 

In the Axe Valley the lithologic character of the frost-moved 
materials varies with that of the bedrock in such a way as to 
prove down-slope translation. As shown in Fig. 3, the “head” 
at the top of the slope where it rests on chalk consists of 
“pebbly sand and clay” but at the outcrop of the underlying 
chert beds it changes into “angular chert drift." The content 
of chert dominates and this term is also applicable down slope 
in the area of the “upper greensand and Gault” formations 
which are free of chert, alncuge materials from these rocks 
are incorporated. 

These examples and the studies of many authors in England 
and Europe prove that deposits attributable to a more intensive 
frost-action at one or more intervals of the past are common 
phenomena. 

Dines et al. (1940) reject the term “warp” which appears to 
have been introduced in 1847 and 1851 by Trimmer who showed 
that the surface materials of the hills of Norfolk and Kent 
were in part derived from the underlying rocks and in part | 
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transported from up-slope. Fisher (1866) in a well-known 
paper described the “warp” as a blanket conforming to- the 
slope and the “trail,” ‘a term introduced by Fisher, as a deposit 
in troughs or furrow: more or less parallel to the existing minor 
drainage of the slopes. Dines et al. (1941) assert that Fisher 
considered “warp” or “warp of the drift” the soil derived from 
“trail.” On rereading Fisher’s paper it is obvious that 
he considered the “warp” as earlier than the present soil 
(p. 554). He considers that the “trail” is not only coarser 
than the “warp” and obviously derived from up-slope, but it is 
also older. It has contributed to the formation of the “warp.” 
Fisher refers repeatedly (pp. 562-564) to the “warp” as older 
than the alluvium of present stream channels. He obviously 
believed that both materials were due to frost-action. His 
clearest statement is: . 


“We have, subsequently, though perhaps not in immediate 
sequence, a period of extensive denudation, indicated by the furrows 
filled with materials from the higher grounds, which have travelled 
in a plastic state, and which I have called “trail.” This denudation 
brought the surface almost exactly to its present form. The period 
of the formation of the warp succeeded, in which the winter frosts 
seém to have been more severe than at the present time.” (р. 564) 


Trimmer (1847 and later) believed that the warp was formed 
‚ by icy marine waters during the submergence of all of England 
at the close of the Ice Age. Hence, his use of the word conforms 
to, or perhaps gives rise to, one of the definitions in Webster: 
“a slimy substance deposited on land by tides, ete., from which 
a rich alluvial soil is derived.” | 

Warp has been used in the sense of head by Sanford (1982) 
and doubtless others in England, but seems to have lost favor. 
It was introduced into the United States by Bryan (1928) and 
was subsequently used by Denny (1988) in his brilliant proof 
of the periglacial-formation of frost-developed slopes and rubble 
masses in the Highlands of the Hudson. 

The difficulty with these English terms is their provincial ' 
character and lack of distinctiveness when out of context. Each 
of them, head, warp, trail, etc., is an ordinary word with other 
and more familiar meanings. “Coombe Rock” is a mixture of 
fragments of chalk, flints, and other detritus. It and “Clay 
with flints” are both derived from the Chalk formations of Eng- 
land. They are distinctive but are local lithologic variants of 


Cryopedology. | | 683 


a general phenomenon and confined to England and France. 
Zeuner (1945) uses “frost soil” as a general term but obviously 
this compound strains the meaning of bth its components. 
Frost-boden (frost soil) has also been used*às the equivalent of 
permanently frozen ground. ‘The German “Errdfliesse,” **Bróde- 
lerde,” etc., are awkward or imply too much. Further, neither 
. the German nor the English terms are readily convertible into 
other languages. 

It is obvious that а word is needed for the process and for the 
result. А recent coinage by Edelman, Florshutz and Jeswiet 
(1986) is “cryoturbation” which has been adopted by Cailleux 
(1942). The word is derived from the Greek, xpvos= icy cold 
or frost and торба to trouble, confuse or stir up. The root 
“стуо” is familiar but there are no derivatives of the verb 
although its equivalent, the cognate Latin turbare, is repre- 
sented in turbine and other words. 

An equivalent word can be compounded from the Latin conge- 
lare, to freeze with turbare, to stir up, to produce “corgelitur- 
bation.” The product of the process of congeliturbation is a 
congeliturbate. That all varieties of ground moved by frost- 
action are moved differentially seems established. ‘Thus, all are 
stirred up or disturbed. Therefore, congeliturbation and con- 
geliturbate should include all varieties of process and all result- 
ing materials. ` 

The surface features of congeliturbation are most easily 
observed. A large literature has arisen and a very large number 
of names have been given to these features, mostly in German. 
Various suggestions have been made for corresponding English 
terms. Sharp’s (1942-B) list of English equivalents is probably 
the best. He proposes that “soil structures” be used as a 
| general designation to include as varieties: stone nets, stone 
rings, stone garlands, stone stripes, earth stripes, earth hum- 
mocks, and turf-banked terraces. These seven terms include 
‚ Some sixty-three terms in several languages. In cross- -sections - 
of congeliturbates, these structures are not usually identifiable. 
Diicker (1984) has, however, identified stone nets or stone rings 
in congeliturbates of Late Pleistocene age. Keilhack (1938), 
Sharp (1942-A) and others have described interdigitation of 
beds of sands and clay in dumb-bell-hke projections. These 
phenomena Sharp (1942-A) refers to as “involutions,” a satis- 


Ам. Jour. Sor.—Vor. 244, Мо; 9, ЗеРТЕМВЕВ, 1946, 
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factory neutral term for the structures (see also Denny 1984). 
German writers usually call the phenomena “Brodel-strucktur” 
which implies that they are due to the formation of soil struc- 
tures according to the Low-Gripp theory. As, however, this 
theory (Gripp and Simon 1983-34) is still to be proved and is 
the subject of much doubt (Mortensen 1982; Sharp 1942A 
‚ and B; and others), all terms involving *Bródel" should be 
avoided in description and neutral terms such as involution 
should be favored. А mass of involuted materials is, however, 
only a variety of congeliturbate. 

The down-slope movement of the congeliturbate produces a 
drag on materials below, resulting in “drag folds” involving the 
underlying material and the congeliturbate. Such plications 
are referred to by some English authors as the “underplight” 
(Dines et al. 1940). However, the neutral and descriptive term 
plication seems adequate and is also applicable to those 
instances in which the “drag” phenomena involve only the con- 
geliturbate. 

The movement of fine-grained materials, mostly the finer 
products of congelifraction, to the surface is a significant part 
of congeliturbation. It is essential to the theories of formation ' 
` of soil structures set forth by Eakin (1916), Hógbom (1918), 
Gripp and Simon (1988-84) and others. This fine material is 
washed down slope in the yearly period of melting in streams 
or sheets of water or it may flow as mud. Taber (1943), Poser 
(1931) and others make much of this process. Insofar as the 
material flows as mud the process is included wi solifluction. 
The English terms, “sludging” for the process and “slud” for 
the material, are neither euphonious nor necessary ав such 
material can be referred.to as a congeliturbate transported by 
solifluction or by sheet-wash as the facts indicate. 


TERMS ASSOCIATED WITH PERMANENTLY FROZEN GROUND. 


The process of congeliturbation is not confined to areas of 
permanently frozen ground. Salomon (1929) and others have 
shown that no permanently frozen ground exists in mountain 
areas where the process is now active in а minor way. However, 
in the агеаз of greatest intensity of frost-action of the Arctic, 
permanently frozen ground is involved. The terms perennially 
frozen ground and perpetually frozen ground are also in use. 
These trinomial phrases are all awkward and the equivalent 
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German and Russian is equally difficult.2 There has been a 
movement, mostly among Scandinavian and German authors to 
introduce tjaele or tjoele, a Swedish-Norwegian word with 
"equivalent meaning (Beskow 1930; Huxley and Odell 
1924). It is, however, a word difficult for non-Scandinavians ' 
to pronounce. Muller (1945) in his useful review and analysis 
of Russian studies of the Arctic has sought the óbvious conven- 
ience of a single word for-permanently frozen ground by coining 
*permafrost." 

*Permafrost" has the merit of being euphonious, but it is an 
etymological monstrosity, made by contracting “permanent” 
(through French from Latin, permanere) and combining it with 
the English word “frost,” none of whose meanings refer to the 
ground. It sounds like a trade name for a refrigerator and 
*permaform" and “permalift” actually exist as the trade names 
of types of brassieres. There is also a glue named “permacel.” 
These slight crimes might be forgiven, but it is impossible to 
make a verb or a verbal noun from “permafrost” as “perma-. 
frosting” and “permafrosted” imply that a permanent surface 
or coating has been applied. Hence the act of producing perma- 
nently frozen ground cannot be expressed. Further, the term 
cannot be easily converted into other European languages. 

These various objections .can be met by a new term which, 
being compounded from Latin roots already established in 
English usage, would convey a meaning on its face. Such a 
word.is “pergelisol” from per== throughout or continuing-+-gelt 
==gelare, to freeze-|-sol, from solum, the soil or ground. In 
this term the use of the prefix “рег” blurs the resemblance to 
gelatine and other derivatives of-gelare with the connotation of 
jelly. mer 

The several modifications and attributes of the permanently 
frozen ground pointed out by Muller can then be easily made: 
“subgelisol,” “supragelisol.” апа “dry pergelisol.” 

One of the great problems of the Arctic is the time and 
manner of formation of the pergelisol. To what extent is the 
area now occupied strictly in accordance with modern climate? 
Johnstone (1980) has recorded frozen ground at depths of 80 
feet below the surface and thus obviously below the depth of 
present day freeze and thaw. It must be fossil, The question is 
thus raised as to what extent part of the pergelisol may be 


1 German: Stündigen-, dauernden-, und ehigen-Frostbóden oder Bodenge- 
frornis; Russian: vechnaya merzlota. 
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residual from the colder climate of the Pleistocene? The Кы 
areas of congeliturbates in periglacial areas imply that pergeli- 

7 во] was also present. Thus future discussion will involve again 
and again the process of formation of pergelisol. It is suggested 
. that the term “pergelation” be adopted, a word strictly analo- 
gous to regelation already a familiar terni in glaciology. Muller 
(1945, p. 21) uses “aggradation of, permafrost” in the sense of 
pergelation as here proposed. For the thawing of pergelisol by 
natural or artificial means he uses “degradation of the perma- 

frost" an idea which can easily be carried by de-pergelation. | 

Above the pergelisol lies a layer which thaws each summer 
and freezes each winter to a degree dependent on the march of 
temperature and the duration of the seasons. In this layer 
“frost-action” takes place and hence Muller calls it the “active 
layer.” As thawing cannot occur without previous freezing, it 
is useless to argue.as to which produces the greatest part of the 
activity involved. The annual thawing of this layer is its prime | 
characteristic and it is consistent that the terminology empha- . 
size this distinction from the pergelisol. In thawing there is usu- 
ally produced more water than the volume of pore space so that. 
the layer becomes soft and tends to flow. It may, therefore, be 
termed the “mollisol” from L. mollere to make softer, pliable, 
to melt, and sol—solwm. The root of this word is familiar in 
emollient and other words. The act of thawing and softening 
may, if desirable, be known as “mollition.” 

The softening of the mollisol is its major: characteristic 
although in well-drained ground where dry pergelisol occurs, 
, melting produces no apparent softening. Whether such areas 
are large is not known and thus it is at present impossible to 
evaluate dry pergelisol. However, softening or “mollition” is 
the common activity and sets in motion the forces which result 
in congeliturbation. А fossil mollisol 18 а congeliturbate. 

Muller points out that cool or short summers or very cold, 
long winters lead to failure to melt all the ground frozen the 
winter before. There thus intervenes between the mollisol and 


_ the pergelisol a layer of frozen ground which may persist for ` 


one or several years. For this layer he uses the Russian term 
“perelétok.” Offhand there is no objection to adopting this 
Russian word but the pronunciation, which can be expressed 
more or less accurately by “pjerelyétok,” is difficult. However, 
by the use of the prefix inter, among, between or amid, one сап. 
coin “intergelisol” which gives a term that will sufficiently 
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express the likeness of this material to pergelisol and ‘also its 
situation between the top of the pergelisol and the mollisol. 

Muller also introduces the Siberian word “talik” for bodies of 
unfrozen ground above, within, or below the pergelisol. This 


Structure soils ` Soils and remnants 
~ and other surface forms’ of surface forms 
= 
бу ie 
PS Mollisol .|' Congeliturbate 
SN : j 
d Intergelisol ! тош ол Зуу 
C 4 Plications 
8 | 
3 : Pergelisol 
EN | Slightly 
ex . disturbed 
~ 
9 УТУ 
Зо 
Ds | 
SN Tabetisol Undisturbed 





Fig. 4. Diagram showing terminology proposed: A. Characteristic parts. 
of the ground in areas of permanently frozen ground; В. Characteristic 
parts of the ground in periglacial areas. i 


word has the merit of shortness and has only the handicap that - 
it cannot easily be made into а verb. It appears that for vari- 
ous causes these areas of unfrozen ground are formed and again 
are refrozen. The production of “talik” is an idea that will 
doubtless be discussed and for which a term appears to be desir- 
able. The new term “tabetisol” is here suggested from L. tabes- 
cere, to melt and sol==solum. The root is present in English 
in tabes, a wasting disease and tabetic, wasting, which is symp- 


\ 


M 
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tomatic of tabes. The production of tabetisol would be 
expressed by the verb to “tabificate” and the verbal noun, 
“tabification.” ' 

The proposed terminology is parallel for present-day areas of 
· intensive frost-action and for areas where this process was 
current in the past. The terminology is summarized in Fig. 4. 


WIDESPREAD EROSION BY FROST-ACTION. 


The idea that landscape can be molded by frost-action and 
that widespread and extensive reduction of elevation may occur 
in areas where frost-action is the dominant process is an old 
one. ‘This idea is indicated by the “equiplanation” introduced 
by Cairnes (1912A). De Terra (1940) has discussed the 
problems of the Tibetan plateau and holds that the broad, 
smooth surfaces are largely the result of long-continued 
erosion by frost-action which varied in intensity during the 
Pleistocene fluctuations in climate. Many years ago, Wright 
(1910) called attention to the smooth upland surfaces of Ice- 
land and southeastern Alaska above which rise peaks and below 
which deep glaciated gorges are cut. Noting that these up- 
. lands were lightly covered by glacial ice during the “ice flood” 
of the Pleistocene, he conceived of “ice-cap erosion” as an 
independent high-level process. If the ice covered these high- 
lands only at the maximum of each ice advance, during the rest 
of the Pleistocene they must have been subject to frost-action 
with reduction in grade by congeliturbation of the surface 
accompanied by various forms of solifluction. The overrunning 
of these areas by ice is incidental, their reduction in slope is, 
however, as Wright presumed, due to processes unconnected 
with the fluvial-pluvial cycle of erosion. 

Without much doubt Eakin (1916) had a similar idea con- : 
cerning erosion in the Yukon Valley although his expression 
is confused. Cairnes (1912 A and B) believed that frost-action, 
rain-wash and solifluction operate on the relatively smooth and 


` -gentle slopes of the Yukon Plateau, but that the material thus 


eroded from ‘the upperslopes is incorporated in frozen ground 
on the lower slopes. - In this fashion the relef is lowered by ero- 
sion above and deposition below without loss of material to the 
area except through the activity of streams. This process he 
named “equiplanation.” That the complex of processes in 
congeliturbation contribute the principal load to streams, and 
constitute the principal and, in many parts of the Arctic, the 
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sole agent of degradation was not part of Cairnes’ concept. Не 
seems to have ignored frost-action on the steep slopes of the 
canyons of eastward flowing streams which dissect the Yukon 
Plateau. However, Poser (1936) has clear-cut ideas on these 
matters. He points out that the rivers of East Greenland run 
only during the melting season. Their activity is closely related 
to the supply of detritus from the interfluves. The detritus con- 
_ sists of congelifracts of all sizes supplied by rain-wash and soli- 

fluction from rock slopes largely mantled by congeliturbates. 
The rivers carry off the fine congelifractate without difficulty 
but their broad beds are paved by large congelifracts which are 
only gradually reduced by congelifraction to sizes small enough 
to be transported. 

These brief references, which might be much extended, indi- 
cate that in Arctic and high mountain lands reduction of the 
land may be largely due to intensive frost-action and concurrent 
action. Furthermore, similar processes were once at work in 
the periglacial region as emphasized by Soergel (1921) and 
others. The land forms are not analizable under the normal 
“Cycle of Erosion" of Davis. A new term seems necessary and 
an appropriate coinage would be “cryoplanation” from xpvos, 
icy cold or ice and plane, through French from L. planus, Greek, 
тЛатоз broad. The term would be parallel to peneplanation 
although without implication that the process had reached or 
nearly reached completion. We would, however, be able to say 
that an area is or has been subject to the “Cycle of Cryoplana- 
tion” in contrast to areas subject to the “Pluvial-fluvial Cycle.” 


SUMMARY. 


The foregoing suggestions as to terminology are somewhat 
overpowering in number. They are put forward with due apol- 
ogy and in the hope that these coinages will serve a useful pur- 
pose. Those familiar with the complications of- Cryopedology 
will ‘recognize that not all ideas, processes or materials are 
provided with names. The surface forms of congeliturbation 
&re so numerous that it is doubtful whether Sharp's simplifica- 
tion will meet with unanimous approval New ideas and inter- 
pretations are also in the making and an enlargement of the 
vocabulary here proposed 13 inevitable. 

The new terms are summarized below: 

Cryopedology — the science of intensive frost action and perma- 
перу frozen ground including studies of the processes and , 
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their occurrence and also the engineering га s. may ђе ~ 
invented to avoid or overcome difficulties induced by them. 


Cryoplanation == land reduction by the processes of intensive frost- | 


action, i. e., congelitarbation. including soliffuction'and accom- 

panying processes of translation of congelifracts. . Includes the 

work of rivers and streams in transporting materials delivered 

by the above processes, : 
 Congelifraction == frost-splitting or frost-riving. 


Congelifract — the individual fragment produced by frost- 

' splitting. 

Congelifractate - =a body of congelifracts, a mass of mate- 
rial of any grain size produced by congelifraction. 


берйн = Босиљ ва including frost-heaving and differ- . 


‘ential and mass movements. Includes solifluction, sludging, etc. 


· Congeliturbate = а body of, material disturbed by frost- 
` action — warp, trail, head, Coombe rock, Erdfliessen, 
` Brédelerde, etc. These materials are characterized 
by surface forms: structure, soils, soil stripes, block- 
. fields, mounds, etc. In places, structures character~. 
istic of the surface forms are FROM in the con- 
geliturbate. 


‚ Pergelisol = permanently or — a ‘frozen ground — јаде" 


D 


== “permafrost.” 


.. Pergelisol table == top of pergelisol 


Subgelisol — zone of unfrozen ground below permanently 
frozen ground. . у 

Supragelisol — zone above the pergelisol | 

Dry pergelisol. == material having the requisite mean tem- 
perature to be permanently froxen but lacking water. 
content or “dry.” Й 

Pergelation == the act or process of forming permanently 
frozen ground in the present or in Ње past. ^ 

De-pergelation === the act or process of TE perina- 
nently frozen ground. у 





` Мошо! == seasonally thawed ground above чк реше == “active К 
| layer” of. Muller. 


Mollition == the act or process of. Tari the mollisol, 


` Intergelisol == perelétok, a layer of frozen ground between the 


pergelisol and the mollisol, which may persist for one or several . 
years. 


Tabetisol == talik, unfrozen ground “above, within, or below the 


_ pergelisol. 


у Tabetification — the act or „process of forming tabetisol. 
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ABUNDANCE OF TUNGSTEN IN 
IGNEOUS ROCKS. 


Е. B. SANDELL. . 


UR present knowledge of the tungsten content of igneous 

rocks is largely based on the results of an investigation by 
von Hevesy and Hobbie(1).* These authors, using an X-ray 
spectrographic method after preliminary chemical concentra- 
tion of the element, found 69 parts per milion of tungsten in a 
mixture of 282 central European i igneous rocks of Caledonian 
and Variscian age(2), 88 p.p.m. in a specimen of granite 
(Schwarzwald), and 24 p.p.m. in & mixture of 67 gabbros and 
norites. The molybdenum content of these samples is also 
given. A few values for tungsten in rocks, comparable in mag- 
nitude with those of von Hevesy and Hobbie, were reported by 
I. and W. Noddack in connection with a study of the geochem- 
istry of rhenium(8). They found 4, 80, and 20 p.p.m. of 
tungsten in granites from the Harz, Norway, and the Andes 
respectively ; 20 p.p.m. in the lava of Vesuvius; 20 p.p.m. in 
basalt from Kaiserstuhl and 5 p.p.m. in basalt from Sweden; 
and З p.p.m. in kimberlite. In addition, the tungsten (and 
molybdenum) contents of many minerals are stated. Details 
regarding the methods of concentration and determination of 
the traces of tungsten and other elements are not given, but 
presumably the final determination was made by X-ray spectro- 
graphy. It is stated that the results may be in error by + 25 , 
per cent in general. 

The above values for tungsten in ignecus rocks are higher 
than might be expected and it seemed desirable to determine the 
element by а different method in a series of composite samples. 
Further work on the abundance of tungsten appeared necessary 
also because von Hevesy and Hobbie's figures for the amount ` 
of molybdenum in igneous rocks do not agre» well with the values 
found for a series of American rocks(4), tke respective average 
contents being 15 and approximately 2.5 p.p.m. 


METHOD OF ANALYSIS. 


The procedure used in determining tungsten in silicate rocks 
is described in detail elsewhere(5). In brief the method is the 


* Numbers in parentheses indicate the references at the end of the article, 
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following. "Ihé sample (0.8 to 1.0 gram) is decomposed with 
. hydrofluoric, sulfuric, and nitric acids. Iron, titanium, and 
‘some other elements are removed by double precipitation with 
excess sodium hydroxide. Molybdenum is then precipitated as 
the sulfide, antimonic, sulfide being used as a collector. Tung- 
sten is determined colorimetrically in the final solution by 
, adding thiocyanate, excess hydrochloric acid, and stannous 
chloride to form a yellow thiocyanate complex of tungsten in a 
lower valence state, which is extracted with ether. The color 
of the ether is compared against standards in small tubes having 
a cross-sectional’ area of approximately 1 square centimeter. 
‚ It is possible to detect 0.5 p.p.m. of tungsten with certainty 
when a 1-gram sample is taken. 

The method was tested on natural gad synthetic sek samples 
to which known amounts of tungsten were added. The best 
results are obtained with silicic rocks in which the percentages 
of iron and titanium are low. As the amounts of the latter 
increase, the recovery of tungsten progressively decreases. 
Useful results (approximately 80 per cent recovery of tungs- 
ten) салі still be obtained with a rock containing 6 per cent total 
‚ iron oxides, 0.9 per cent 140,, 3 per cent MgO, 5 or 6 per cent 
CaO, and 0.25 per cent POs. -Approximately one-half of the 
added tungsten (a few parts per million) is recovered.from a 
sample containing 18 -per cent total iron oxides and 1.75 per 
cent of 110, ; the remainder of the tungsten is lost by coprecipi- 
tation in the precipitate produced by sodium hydroxide, 
especially in the hydroxides of titanium and iron. The method | 
cannot, therefore, be applied’ to a typical basic rock, except: 
perhaps for the purpose of obtaining a rough value for the 
amount of tungsten present. In’ general, the method is appli- 
cable to rocks in the silica range above 60 per cent. 

With the exception of vanadium, no element is known, which 
in amounts likely to be encountered in igneous rocks, will yield 
` a color similar to tungsten under the conditions of the determi- 
nation. Vanadium produces а color approximately 1/800 as 
strong ав an equal weight of tungsten. In other words & sample 
containing 0.015 per cent V (0.022 per cent У.О) would show . 
an apparent tungsten content of 0.5 p.p.m. In silicic rocks for 
which the method is primarily intended the vanadium content 
will be less than this and the effect of this element can be dis- 
regarded. Even in intermediate rocks with a silica percentage 
greater than, 60, it is unlikely that this value for vanadium 
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will be exceeded. If necessary the vanadium content of the 
sample can be found by a simple colorimetric method and the 
requisite amount of vanadium can then be added to the colori- 
metric standards in the tungsten determination. 


SAMPLES. 


Most of the samples analyzed were composites of plutonic 
rocks. The composites were prepared on the basis of silica 
content for the most part. In order to see whether there might 
be ‘а regional factor involved in the distribution of tungsten, 
several composites having similar silica ranges (average about 
72 per cent) were made up from granites from Canada, New 
York state, Minnesota, and Africa respectively. The results of 
the analyses of the composites are given in Table I. 


TABLE I. 
Tungsten in Composites of Igneous Rocks. 
Silica Average Type of No. of Region . Tungsten 
Range Silica Rock Samples P. p.m. W 
% 810, % 810, . 
81.5751 TTA - Granite* 20 : Various} 2.0 
WATTLE 74.1 + 9 California  . 14 
76.8-68.2 78.1 ‚ Granite b Texas (Llano region) 1.88 
74.8—10.6. 72.6 Granite 7 Canada 14 
18.9—70.0 12.0 Granite 9 Africa 18 
78.8—70.T 72.0 Granite 6 New York 1.0 
E vss Granite , 5 Minnesota 1.1 
69.6—65.5 68.4 1 14 | 18 
66.4 64.8 65.6 Quartz monzonite 2 California 1.6 
'.65.1-52.7 62.0 Diorite 7 > Oregon and California 1.2 
64.1—56.0 60.8 : Syenite 6 New York and 1.94 
Minnesota 


+ Includes 1 quarts porphyry, 1 quartz monzonite. 

+ Origin as follows: Canada 8, New York 5, Texas-8, 8 from unspecified 
U.. S. or Canadian localities, Africa 1. 

t4 granites, 2 quartz monzonttes, 1 monzonite, 2 granodiorites. 

‚ $ Average of separate determinations, Table II; analysis of & composite 
sample gave 2.0 p.p.m. W. 

T6 granites, 1 granite porphyry, 1 felsite porphyry, 1 porphyry, 1 quarts 
monzonite, 1 granodiorite, 1 diorite. 2 dacites. 

| Canada 2, New York 1, Texas 2, Montana 2, Wyoming 1, California 2, 
4 from unspecified U. S. or Canadian localities, 

A Not corrected for vanadium which may be present in appreciable 
amount so that true value for tungsten may be slightly lower. | 


Five granitic rocks from the Llano region of Texas(6) were 
analyzed individually (Table II). In addition a rhyolite from 
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Cook County, Minnesota, was found to contain 2.4 p.p.m. of 
tungsten. | 

The values for tungsten have been recorded to 0.1 p.p.m., but 
in comparing results it should be borne in mind that an error 
of 0.2 or 0.8 p.p.m. is possible in comparing colors. 'To this 
must be added any systematic errors of the method. For rocks 
with more than 70 per cent silica tthe results are believed to be 
essentially correct as judged by the recovery of tungsten added 
to known samples, but as already stated the values may be 
slightly low with the less silicic samples. Basic rocks which are 
definitely known to give low results for tungsten by the method 
applied have not been analyzed. 


| TABLE II. 
. Tungsten in Silicle Rocks of the Llano Region, Texas. 
510, м 
% P.p.m. 

Granite, Bear Mountain - ` 76.8 ~ AA 
Granite porphyry (Папе) 75.2 А 2.6 
Granite, Granite Mountain 78.0 ~ 16 
Granite, Cassaday 72.2 1.5 
Granite, Town Mountain 68.2 11 

| DISCUSSION. 


The results obtained point to an average tungsten content 
of approximately 1.5 p.p.m. for silicic and intermediate igneous. 
rocks (silica range 80 to 60 per cent). In general it appears 
that the amount of tungsten in an igneous rock increases with 
the silica content. This trend is quite clear in the case of the 
Texas granites which have a common origin. The parallelism 
is less regular, as might be expected, but still perceptible, in the | 
composites. 

It seems natural to correlate tungsten, as an acidic element, 
with silica in igneous rocks. The ionic radius of hexavalent 
tungsten is small, probably being slightly less than 0.5 A. With 
the exception of silicon, all the major elements of the magma 
have ionic radii greater than this value, the radius of silicon 
equalling 0.89 A. (The next largest ion, aluminum, has a radius 
of 0.57 A according to Goldschmidt.) Because of the magni- 
tude of the difference in the radii of tungsten and silicon it may 
be supposed that tungsten will have relatively little tendency to 
separate with the early crystallizing silicates and that, there- 
fore, it will be concentrated in the residual liquid аз the magma 
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crystallizes. However, the concentration of tungsten in the 
silicic rocks does not appear to be very striking. The present 
method unfortunately. does not allow the partition coefficient of 
tungsten between acidic and basic rocks to be determined. It 
may be noted that von Hevesy and Hobbie found about one- 
third as much tungsten in the basic rocks (gabbros and norites) 
as in their igneous rocks as a whole. The behavior of tungsten 
is similar to that of molybdenum, so far as rather scanty data 
indicate, which is to be'expected from the similar ionic radii of 
hexavalent tungsten and molybdenum. A thorough study of the 
distribution of tungsten in silicate rocks must await the devel- 
opment of a better analytical method than any now available, 
whether spectrographic or chemical. 

There is no evidence of any significant regional variation in 
the tungsten content of the rocks examined. Although the 
data are insufficient to allow any positive statement to be made, 
there is no indication of а radical difference in the tungsten 
contents of pre-Cambrian and later silicie rocks (California 
composite). . 

` The results obtained permit a rough estimate of the tungsten 
content of the upper lithosphere. 'The maximum content is not 
likely to exceed greatly the value 1.5 p.p.m. found for the silicic 
and intermediate rocks analyzed. Although the total number of 
samples examined i8 comparatively small, the general similarity 
of the tungsten values found for rocks from different areas 
lends considerable support to the belief that the upper limit 
cannot be far from this value. It would be surprising if another 
series of plutonic rocks should give a value of 10 p.p.m., or even 
5 p.p.m. There is thus a large discrepancy between von Hevesy 
and Hobbie's value for igneous rocks as a whole (69 p.p.m.) 
and the present value for rocks with a silica range of.60.to 80 
per cent. The lower limit for the relative &mount of tungsten 
in the lithosphere cannot be fixed very exactly on the basis of 
the results obtained in the present work. If it is assumed that 
rocks with silica content less than 60 per cent contain no tungs- 
ten and that these rocks compose as much as one-half of the 
lithosphere, the average would be 0.75 p.p.m. of tungsten. But 
there must be some tungsten in thé less silicic rocks, so that the 
average value for the upper lithosphere must be greater than 
this. We may accordingly take 1 p.p.m. as the most likely tung- 
sten content of igneous rocks as & whole on the basis of the 
results here reported. If this value for tungsten is accepted as 
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being not far from the truth, it follows that tungsten is one of 
the least abundant elements of the crust of the earth. It would 
then be scarcér than beryllium (6 p.p.m.), scandium (5 p.p.m.), 
arsenic (5 p.p.m.), cesium (7 p.p.m.) as well as most of the rare 
earths, if the figures for these elements are substantially correct 
(7). The question whether tungsten or molybdenum is more. 
‘abundant in igneous rocks cannot be answered definitely at the 
present time. Analysis of a relatively small number of samples 
from various areas of the United States gave an average value 
of 2.8 p.p.m. of molybdenum, silicic and subsilicic rocks being 
weighted equally(4). This figure may be too high. At any 
rate the relative amounts of tungsten and а in the 
upper lithosphere are not greatly different. 
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ЗОМЕ OBSERVATIONS ON CHROMITE.* 
Е 5 У. О. FORTIER. 


ABSTRACT. Evidence is presented showing that some of the chromite 
` concentrations occurring in a serpentinised ultrabasiz mass were emplaced 
efter the ultrabasic rocks had solidified and could fracture. Specimens of 
“grape-ores” show euhedral crystals of olivine surrounded by nodules of 
chromite and not altered to serpentine: in that case the olivine crystallized 
before chromite. Serpentinization and calcite veining have altered ог 
replaced chromite. 


URING the summers of 1942 and 1944 the writer mapped 

the east half of Orford area, in the Eastern Townships 

of Quebec, and gave some time to the study of the chromite 

deposits there. The deposits, which were mined during both 

World Wars, are found in a large mass of serpentine between 

Brompton and Webster lakes, some 12 miles north of the north 
end of Lake Memphremagog. 

_ The chromite bodies are mainly confined to a zone about half 

a mile wide and 4 miles long. Chromite has been mined from 
some 20 pits, and more than 40 other occurrences are known 
and have been studied (Text Fig. 1). The chromite bodies may 
consist of massive chromite, of grains disseminated in serpen- 
tine, or, commonly, of both types. In shape they form lenses, 
‘pods, vein-like bands, and irregular patches. Their dip is 
generally steep, but there is no uniformity of strike. Paral- 
lelism either with the trend of the zone or with the edge of the 
serpentine mass is exceptional. However, it must be kept in 
mind that the contact is mapped from scattered exposures and 
was not actually observed. 

The data obtained yield some interesting information on the 
precise age of the chromite, relative to the rest of the rock. 
One locality also afforded some facts bearing on the alteration 
and replacement of chromite. 

Table I shows that the chromite occurrences are found gener- 
ally in what was identified as serpentinized dunite. Only one 
instance was observed where a low concentration of chromite 


1 Published by permission of the Director, Mines and Geology Branch, 
Dept. of Mines and Resources, Canada. 
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is present in peridotite, Such constant association implies that 
most of the chromium ore was concentrated during the mag- 


ther confirmed by the occurrence of much chromite in dissem- 
inated form, in a matrix of serpentine which presumably was 
originally olivine. The disseminated material commonly occurs ' 
in bands an inch or less in thickness, alternating with bands of 


91, diagrammed in Text Figure 2, a band of disseminated 
chromite is curved and broken, suggesting movement within the 
magmatic mass in the crystal-mush stage. Even the bodies of 
massive chromite occasionally parallel the banding, as in occur- . 
rence 17 (Text Fig. 2). р ; . 

The shapes of many of the chromite bodies are most peculiar, 
as for example those of occurrences 6, 89; 54, and 80 (Text 

' Figs. 1 and 2). It is difficult to reconcile such forms with any 
hypothesis of differential crystal settling in a quiet medium. 

Plate IA shows a thin section of "grape ore" from occurrence 
9, Text Figure 1. The section shows one euhedral grain of ` 
fresh olivine embedded in massive chromite, and two pseudo- 
morphs of antigorite after euhedral grains of olivine in chromite 

' that has been fractured so as to permit access of serpentinizing | 
solutions. Obviously, crystallization of olivine , was well 
&dvanced before crystallization of chromite began. Н. H. Hess 
(1933) and H. C. Cooke (1937) have shown that serpentiniza- 
tion took place, in all probability, through the action of mag- 
matic water in the closing stages of consolidation of the rock. 
If they are correct, the chromite of this section must have 
formed in the relatively brief period after much of the olivine 
crystallized, but before serpentimzation began. 

Plate IB, a photograph of a specimen from occurrence 11, 
shows massive chromite cut by a vein of chrysotile asbestos. In 
another place, the writer found massive chromite cut by a vein- 
let of antigorite. The asbestos and the antigorite may belong 
to the period of general serpentinization, like the serpentine 
filling the small cracks in the specimen figured in Plate IA. 

In a number of places chromite is deposited along well-defined 
fissures. Such for example are occurrences 18, 56, and 80, 
diagrammed in Text Figure 2. In these drawings, the thin 
black lines represent the fissures where they contain no chromite. 
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Some fissures have slickensided walls, indicating some fault 
movement, others appear to be merely joints. In the occur- 
rences figured, the chromite does not appear merely to have 
filled pre-existing fissures, as described by Cooke in Thetford 
` area (1937, рр. 146-7), but seems to have replaced one or both 
walls of the fissure to form plate-like or pod-like masses. The 
ore of these masses is solid chromite with sharp, almost knife- 
edge boundaries against the serpentine. It would seem, then, 
that some chromite at least did not crystallize until thé general 
mass of the rock was solid enough to fracture. 

Finally, in two instances (occurrences 22 and 27) chromite 
masses are cut by dykes of pyroxenite; and, in occurrence 6, 
‚ by a sort of pegmatite that seems to be a phase of the pyrox- 
enite. Of such dykes Cooke says, (1937, p. 66) “The pyrox- 
enite dykes that cut the peridotites and the mixtures of pyrox- 
'enite and pyroxene-rich peridotite indicate that pyroxene- 

forming magma remained fluid after consolidation of these 
rocks. Many of the dykes are so narrow, and their grain is so 
coarse, that by no stretch of imagination can they be supposed 
to have been formed by injection of material already crystal- 
line in large part, as Bowen's hypothesis would have it. Апу’ 
such attempt would inevitably have resulted in the crystals jam- 
ming and blocking the narrow fissures.” The fact that such 
` dykes cut the chromite bodies also, is additional evidence of the 
position of chromite in the magmatic cycle. . 

The facts cited would аре to justify the following 
` conclusions : 

a) That most of the ‘chromite of the parent magma sepa- 
rated out, along with the olivine constituents, to form the dumite 
bodies. 

‚Ъ) That olivine унаа, іп part at least, before the 
chromite. Some chromite was entangled between the grains of 
olivine to form the disseminated ores. ‘The remainder, col- 
lecting in larger or smaller fluid masses, formed the well-known 
“grape ore," or, impelled perhaps by stresses within the still 
partially fluid magma, took on the irregular and vaguely vein- 
like shapes indicated in Text Figure 2, and more particularly in 
occurrences 89 and 54. 

c) That some of the chromite, at least, remained fluid until 
the body of the rock was solid enough to fracture. Some of 
the fluid then entered the fractures to form plate-like and pod- 
like masses. 
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4) That all of the chromite was с 
liquid remnants of the magma flowe 
pyroxenite dykes. ^ ` 

и.о 


Chromite, in spite of its refracto 
nary laboratory reagents at low + 
nature by serpentinization and calcit 

A specimen of serpentinized perido 
‚ ster Lake consists mainly of felted a 

of talc. It carries dissected grains | 
thin rims of isotropic, highly refring: 
ably chrome garnet, and veined 
birefringence. | 

In a thin section of dunite from Mi 
of chromite have fringed peripheries. 
the chromite was attacked and some 
process of serpentinization; or that 
the chromite when the olivine was se 

Dunite from the south shore of 

brown grains of chromite with alm 
periphery and along fractures. От 
has a peripheral skeleton of blackist 
antigorite; the blackish material als 
into the body of the chromite grain. 
blackish parts are light gray wherea 
gray with a brownish tone. The d 
along edges and fractures suggest 
probably iron, during the process of 

Alteration of chromite by solutic 
vein was studied at the old nickel mir 

the Orford Nickel and Copper Com; 
three-quarters of а mile west of Wel 
‘lies at the contact of a serpentine £ 
` It is‘a calcite vein some 9 feet wide, 
vegetation and slumping, but still t 
feet. The ore, which consisted of ma 
completely mined out that none was f. 
minerals present are small masses « 
with cores of chromite. 

Besides the main vein, there are m 
of calcite:in the serpentine near by. 


+ 
» 





Plate 1. А. Éuhedral grain of fresh olivine (о) surrounded by massive 
chromite (black). Antigorite pseudomorphs after olivine (p) surrounded 
by chromite with fractures. Serpentine (s). x 50. 











В. Massive chromite cut by vein of chrysotile, from occurrence 11, Text 
fig. 1. Natural size. 








Plate 2. А. Serpentinized dunite with chromite grains, Mud Pond. The 
fringed edges of the chromite grains may be due to replacement of serpen- 
tine by chromite or vice versa, or to addition of iron to the chromite when 
the olivine was serpentinized. x 48. 
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В. Chromite in serpentinized dunite. "The main body of the grain is dark 
brown. Jt is traversed by black lines that extend into the surrounding 
serpentine to form a peripheral skeleton. The blackening may be caused 
by enrichment in iron oxide. x 206. 











Plate 3. А. Dissected patch of chromite with fringed, darkened peri- 
pheries. The chromite is veined and apparently replaced by calcite. x 48. 





B. Dark brown cores of chromite with darker, fuzzy, fringed peripheries 
in uvarovite (high. relief) Iving in calcite (striated by grinding). One 
grain of diopside along right-hand edge of photograph shows cleavage and 
high relief, x 46. 





Plate 4. Long prisms of diopside with patch of fine crystals of uvarovite, 
from the old “Nickel mine." Natural size. 
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forming solutions penetrated ‘the serpentine along various 
cracks and openings, and replaced it readily. One of these 
patches includes remnants of massive chromite and serpentine. 

One cf the chromite remnants in this patch is shown in Plate | 
8A. Inspection of this plate can leave little doubt that the 

chromite has been in part dissolved and replaced by the solu- 
tions depositing the calcite. 

The main vein, which follows the contact of the serpentine 
and quartzose schist, is rather different, apparently because 
the solutions were able to take up silica from the quartzose 
wall, as well as to dissolve serpentine from the other wall. One 
result was the formation of a good deal of diopside, which crys- 
talhzed in aggregates of elongated prisms up to 6 inches long 
on the walls, and in thick plates within the vein. The point of 
more direct interest is, however, the action on chromite, of which 
a number of remnants were found, the largest about a foot long. 
These were vigorously attacked, and converted into the chrome 
garnet, uvarovite (8CaO0.Cr,0,.3810,). When aggregates of 
uvarovite crystals are broken open, cores of chromite are.found 
in most of them (Plate 8B). ‘The edges of the cores are fuzzy 
and fringed. 
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REDEFINITION ОЕ ACTINOCRINUS 
PARVUS SHUMARD. 


EDWIN КЛЕК. 


ABSTRACT. In 1855, Shumard described a crinoid from the St. Louis 
limestone at St. Louis, Missouri, as Aotinoorinus parous. In 1881, Wach- 
smuth and Springer through inadvertence applied this name to a common 
and characteristic crinold of the upper part of the Burlington limestone 
(“Upper Burlington”). This usage has been followed by authors generally, 
the species being currently known as Aorocrinus parous. Shumard’s species 
is here referred to Dizygocrinus, and Hall’s species Actinocrinus symmet- 
ricus is revived for the Burlington crinoid, which now stands as dorocrinus 
арт (Hall), new combination, 


N his original description of Actimocrinus parous, Shumard. 

(1855, p. 198) states “we possess only a fragment of the 
body”; “anal pieces unknown”; “situation of the proboscis is 
unknown” ; “general form is globose.” The plates ‘of the dorsal 
cup are “ornamented with very fine, somewhat flexuous striae, 
which radiate from the center of each piece [plate] to the sides, 
where they unite with striae from the adjacent pieces in such a 
manner аз. to form several series of isosceles triangles around 
the body; the plates are thick and very finely serrated at the - 
sutures.” In size he gives the over-all height of the theca as 
5 lines [10.6 millimeters]; maximum diameter 5 lines {10.6 
millimeters] ; and height of dorsal cup 8 lines [6.8 millimeters]. 
The horizon and locality is given as “St. Louis [Missouri], in 
the upper part of the St. Louis Limestone, associated with 
Palaechinus [Melonechinus] multipora, and Poteriocrimus lon- 
gidactylus. It is very rare.” | 

Until 1881 Actinocrinus parous was quoted as such and given 
a St. Louis age, as may be seen in various bibliographic cita- 
tions. Wachsmuth and Springer (1881, p. 179) referred the 
species to Dorycrinus and state “Upper Burlington limest. (not 
St. Louis limest. as quoted by Shumard), Palmyra, Mo. and 
Burlington, Iowa.” ТЕ is certain that Wachsmuth and Springer 
had not seen Shumard’s.specimen and had no further knowledge 
of the species than was to be had in Shumard’s publication. 
The reference to Dorycrinus and the identification of the species 
with the common Burlington form was undoubtedly a case of 
misidentification. ` 
. 1 Published with the permission of the Director, Geological Survey, 
United States Department of the Interior. 
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There seems to be no valid reason for doubting Shumard’s 
attribution of 'Actinocrinus" parous to the upper part of the 
St. Louis limestone at St. Louis, Missouri. No one has. known 
the St. Louis limestone better than he, and he was not the type 
of man given to factual errors. Furthermore, the reiteration 
of the horizon and locality as given by him in his carefully com- 
piled catalog (1865, p. 346) gives added confirmation, if such 
were needed. 

In his purchase of the Hambach collection: Springer acquired 
at least two of Shumard’s types figured in the Missouri report, 
Steganocrinus concinnus and Dorycrinus missouriensis. In an 
attempt to discover further types, he identified a small Aoro- 
crinus of the species commonly known as Aorocrinus parous as 
the type of Shumard’s Actinocrinus parous. This identification 
is undoubtedly incorrect. The size of the specimen, allowing 
for variations in measurement, is about right. The height of the 
dorsal cup is relatively greater. than in Shumard’s specimen, 
however, as it is in all conspecific specimens. The specimen.is a 
complete, uncrushed theca. It is partially silicified, and the 
original surface is destroyed. It is obvious from the excerpts 
of Shumard's description given above that this could not pos- 
sibly be the specimen Shumard had in hand. 

There can be little doubt as to the generic placement of 
“Actimocrinus” parvus, considering the geologic age of the 
species. The general form of theca and the relative proportions ` 
of cup and tegmen, together with the surface ornamentation, 
indicate Diaygocrinus. The surface ornamentation alone, as . 
described by Shumard should have stopped Wachsmuth and 
Springer from making the identification they did. Shumard's 
species will therefore stand as Disygocrinus parous (Shumard), 
new combination. As noted in the abstract, Hall’s species 
Actinocrinus symmetricus is revived for the reception of the 
Burlington species that has commonly been called Aorocrinus 
parvus. The species is referred to Аотостиш and the species 
will now stand as Aorocrinus symmetricus (Hall), new combina- 
tion. The following citations will correct the synonymy: 

Dizygocrinus parvus (Shumard), new combination. 
Actmocrinus рагоиз Shumard 1855, p. 193, Pl. A, Fig. 8. 

“At St. Louis, in the upper part of the St, Louis Limestone, 
associated with Palaechinus multipora, and Poteriocrinus icis 
dactylus.” (St. Louis limestone.) 

Actinocrinus parous Shumard 1865, р. 346. 
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Actinocrinus рагоиз Miller 1877, р. 67. 

Non Dorycrinus or Aorocrinus parous of authore generally. 
Aorocrinus symmetricus (Hall), new combination. 
Actinocrinus symmetricus Hall 1858, p. 574, Pl. 10, Figs. 8a, b. 

“Burlington limestone: Burlington, Iowa.” (“Upper Bur- 
lington” limestone.) 
Actinocrinus symmetricus Shumard 1865, р. 348. 

Dorycrinus symmetricus Miller 1877, p. 77. 
Dorycrinus symmetricus Miller 1889, p. 241. 


Synonymy.— 
Dorycrinus amoenus Miller 1891, p. 85, Pl. 5, Figs. 5, 6. 
“Burlington group, Sedalia, Missouri.” 
Dorycrinus parous Wachsmuth and Springer (non Shumard) 
1881, p. 179 (358). 
Dorycrinus parous Miller (non Shumard) 1889, р. 241. 
Dorycrinus parvus Keyes (non Shumard) 1894, р. 171. 
Aorocrinus parvus Wachsmuth and Springer (non Shumard)' 
1897, p. 477, Pl. 45, Figs. 11a, b. 
Aorocrinus parous Bassler and Moodey (non Shumard) 1948, 


р. 805. 
REFERENCES 


Bassler, R. S., and Moodey, M. W.: 1948. Bibliographic and faunal index 
of Paleozoic pelmatozoan echinoderms. Geol. Soc. America Spec. Paper 
No. 45, 1-vi, 1-784. 

Hall, James: 1858. Palaeontology. Iowa Geol. Survey Rept., 1, pt. 2, 478- 
724; index, 1-8; explanation of plates, 1:80; pls. 1-29. 

Keyes, C. R.: 1894. Paleontology of Missouri. Part 1. Missouri Geol. 
Survey, 4, 89-271, pls. 11-88. 

> Miller, S. A.: 1877. The American Palaeozoic fossils: a catalogue of the 
genera and species, with names of authors ... , ete. i-xv, 1-246. Cin- 
cinnati, Ohio. | 

— ———-:1889. North American geology and palaeontology for the use of 
amateurs, students and scientists. 1-664. 

: 1891. Description of some Lower Carboniferous crinoids from 
Missouri. Missouri Geol. Survey, Bull. 4, 1-40, explanation of plates, 
pls. 1-5. February. 

Shumsrd, B. F.: 1855. Paleontology and Appendix B. Missouri Geol. 
"Survey, 2d Ann. Rept., pt. 2, 185-208, 218-220, pls. A-C. ў 

: 1865-1866 [authors edition]. А. catalogue of the Palaeozoic 

fossils of North America. Part 1. Palaeozoic Echinodermata. 884-407. 

Wachsmuth, Charles, and Springer, Frank: 1881. Revision of the Palaeo- 
crinoidea. Рі, 2, 1-237 and unnumbered explanations of plates, pls. 17- 
19. Acad. Nat. Sci. Philadelphia Proc. 1881, 177-414, pls. 17-19. 
Sept.-Dec. 1881. 

— ——: 1897. Mem. Mus. Comp. Zool., 20-21, 1-887, 88 pls. 


U. 5. Namoxar Musos, 
Wasursemvox, D. C. 


SCIENTIFIC INTELLIGENCE 


Puysics AND CHEMISTRY. 


Introduction to Atomic Physics; by Henny Semar. Рр. xi, 412; 
169 figs. New York, 1946 (Rinehart and Co., $14.50).—A revision 
of a book published in 1989. Its outstanding feature is the thorough 
treatment of recent developments in nuclear physics. It is suitable 
as а text in junior and senior courses and contains enough material 
for approximately one semester's work. 

'The topics have been selected with a view toward the book’s 
climax, nuclear reactions. For this reason, the author has been 
forced to treat lightly many of the more classical aspects of atomic 
physics. Thus optics end spectroscopy are discussed very briefly, 
and kinetic theory is almost wholly omitted. Clear diagrams enhance 
the usefulness of the book, and the exposition is lucid throughout. 

In this reviewer’s opinion, the book would appeal to a wider audi- 
ence if fundamental theory had been given a more prominent place in 
the discussion of modern problems. HENRY MARGENAU. 


Atomic Energy in Cosmos and Human Life; by С. Gamow. Pp. 
x, 161; 46 figs. New York, 1946 (The Macmillan Co., $8.00), Cam- 
bridge (The University Press).—This book is more informative 
than many of the popular treatments on atomic energy that have 
recently appeared. Written by a man who is known in the world of 
physies for his contributions to the theory of atomic nuclei and 
admired by many for his skill of exposition ("Mr. Tompkins in 
Wonderland,” etc.), the material compressed into these.161 pages 
is authoritative, newsworthy, and full of throbbing life. .There is 
nothing superficial in the treatment, and the layman will have to pay 
attention in order to follow the discourse. But to do so is not bur- 
densome because of an abundance of illustrations, and it is highly 
rewarding. 

The outlook of the book is not limited to the problems of the bomb. . 
To this reviewer the most illuminating and satisfying part of its con- 
' tents is the middle, where Gamow encompasses the whole range of 
questions concerning the release of energy and develops an PEON 
theory of stellar evolution. 

There is a thought-provoking foreword by Henry Norris Beal 

HENRY MARGENAU. 


What Are Cosmic Rays?; by Ртавве Асакн. Translated by M. 
M. Shapiro. Pp. vii, 128; 22 plates. Chicago, 1944 (The University 
of Chicago Press, $2.00).— This book is an excellent résumé of a 
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fascinating subject, written by an authoritative author primarily for 
the non-physicist. It traces the historical development of the knowl- 
edge of cosmic rays from ‘its early beginning to the present day and 
leaves the reader in a state of agitation in which he will spare no 
pains to see how the unsolved problems come out. The chapter 
headings are indicative of the author's approach and style: Story.of 
a Discovery; The Heroic Epoch; Showers, Pairs, Bursts, Stars; 
Time Takes its Toll of Cosmic Rays; The Sky’s the Limit. 

The plates at the end of the book are beautiful, selected with care 
to convey the author's story. On finishing the book one wonders . 
whether its success is altogether due to the' author's skill, or whether 
the subject has an innate appeal which makes its treatment so 
satisfying. HENRY MARGENAU. 


` Chemical Machinery; by E. В. Rrsegr. Pp. ix, 588; 487 figs. 
New York, 1944 (Reinhold: Publishing Co., $5.00).—The practicing 
engineer should find this book useful as a guide to the great variety 
of equipment for the process industries. The twenty-seven chap- 
ters may be divided roughly into groups treating the following 
gubjects: The handling of solids, liquids and gases; storage; agita- 
tion and mixing; the separation and purification of materials; heat 
exchange and refrigeration; high pressure equipment; and instru- 


ments. The book is well-organized, and the illustrations are good. 
‘The index is adequate. ‘The author describes and compares а 


sufficient variety of types of equipment for any given requirement to 
permit the reader to make a wise choice among such types. Exten- 
sive operating and performance data are given. 

` The illustrative examples are in many cases so pre-digested as to 
amount to mere instructions for the use of accompanying tables or 
nomographs. This reviewer feels that in such a book, primarily 
descriptive in nature, such examples might well be omitted. 

HARDING BLISS, 


MISCELLANEOUS SCIENTIFIC ÍNTELLIGENCR. 


Animal Cytology and Evolution; by М. J. D. ните, Pp. xii, | 
875; 121 figs. New York, 1945 (Cambridge University Press, 
$7.50).— The union of cytology and genetics has produced an off- 


:spring, cytogenetics, which has shown most of the features of 
' heterosis. As a result the offspring has preémpted so much atten- 


tion that some have been inclined to forget the parents entirely, 
especially the parent cytology. 'The enormous advances made by 
cytogenetics, particularly with regard to, chromosome structures, 
mechanics, and rearrangement, since the last edition (1925) of 
Wilson's "Cell" have made a review and restatement of the evolu- | 
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tionary aspects of cytology imperative. While the bearings of 
plant cytogenetics on evolutionary problems have been stressed in 
recent times, particularly by Darlington and others, the contribu- 
tions of animal cytogenetics, outside the sphere of Drosophila, have 
received scant attention. It is the great merit of Doctor White's 
book to incorporate the theoretical contributions of cytogenetics to 
cytology as the foundation on which to deal with the relations 
between animal cytology and evolution. The first chapters of the 
work are therefore introductory. . 

The main body of the work begins with a treatment of chromo- 
somal evolution in wild populations summarizing the literature 
exclusive of Drosophila, chiefly on Orthoptera. An entire chapter 
is devoted to chromosomal evolution in the genus Drosophila which 
provides us with the most complete and detailed examples of genic 
and structural differences between taxonomic categories. The 
combined works of many investigators have given ample evidence 
that within the sub-genus Sophophora the basic chromosomal 
_ material is much the same in terms of chromosome arms, that most 
of the structural changes have been either within chromosome arms 
(homosomal) or the result of fusion of arms and that, interchromo- 
somal changes of the translocation type are rare or non-existent. 
Since the most closely related species of Drosophila show numerous 
genic as well as structural differences, the full story of chromo- 
somal evolution in the genus must be very complex. 

In another chapter White tackles the old problem of the signifi- 
cance of chromosome number and form. He shows that in those 
cases where the evidence is not too fragmentary the picture is much 
like that in Drosophila. The lack of giant chromosomes auch as 
those found in the salivary gland cells of the Diptera indicates 
that in that order only can we expect to obtain any really detailed 
knowledge of the interrelations of chromosome number and form. 

The evolution of meiosis and the chromosome cycle are dealt with 
in a fascinating chapter devoted to deviations from the normal | 
meiotic process. Most of these deviations are found in the meiosis 
of males and consist of simplification or suppression; meiosis in 
females is seldom anomalous: Although the general significance of 
anomalous meiotic mechanisms is considered by White to be far 
from clear, it is fairly evident that they all have the effect of 
reducing the recombination index. Hybridisetion and hybrid 
sterility are dealt with in a separate chapter which emphasizes 
meiotic disturbances. 

An outstanding chapter is that on the evolution of sex-determining 
mechanisms, a review of a field in which White is a specialist. In 
general it can be stated that XO mechanisms have arisen from XY 
by inactivation and loss of the Y chromosome. Exceptional cases 
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of the origin of XY from XO forms by translocation between the 
X and an autosome are known in Orthoptera. 

The general subject of the evolution of parthenogenesis and a 
review of the cytology of thelytoky occupy another chapter. In 
facultative parthenogenesis meiosis is of the usual type, but in 
obligatory parthenogenesis bivalents usually fail to form and the 
division that does occur is a mitosis. The latter type of partheno- 
genesis is therefore ameiotic. With the disappearance of meiosis 
and the sex-determining mechanism, the two principal barriers to 
polyploidy in bisexual organisms, the way is opened for the forma- 
tion of polyploid species or races among forms with obligatory 
parthenogenesis. The more от less classical cases of this are pre- 
sented and followed by a review of more,recent work, notably that 
of Seiler on the races of psychid moths of the genus Solenobia. 
The chapter concludes with a treatment of cyclical parthenogenesis 
‘in the aphids and gall wasps. 

In a final chapter White summarizes those generalizations which 
can be made from the data presented in the body of the book and 
points out difficulties which stand in the way of any complete gener- 
alizations (on the basis of the information available) concerning 
evolutionary patterns. While this discussion may seem tentative 
and incomplete to some, the point of view taken strikes the reviewer 
as extremely healthy. White's book is a highly significant contribu- 
tion to cytology and evolutionary biology. The physical make-up 
ів ‘in the tradition of the Cambridge University Press. There are 
excellent author, organism, and subject indices as well as an exten- 

. sive bibliography. D. F. POULSON. 


- Astronomy, A Textbook, Fourth Edition; by Jonn СнАвгив Dux- 
can. .Рр. viii, 500; 818 figs. New York and London, 1946 (Harper 
& Brothers, $4.50).—In its first three editions this book has found 
wide acceptance as a text for an elementary descriptive college course 
in astronomy. The material in this new edition shows a considerable 
‘amount of rearrangement and revision, but the book has retained 
much of its previous character. It contains a new chapter on celestial 
navigation, a subject that may well become an established topic to be 
included in introductory courses in astronomy. Among the illustra- 
tions, very well done. throughout the book, are some of the finest 
reproductions of celestial photographs that have ever appeared in a 
textbook. 
DIRK BROUWER. 
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THE TACONIC SEQUENCE IN 
PENNSYLVANIA. 


GEORGE W. STOSE 


ABSTRACT. Ordovician shales in eastern Pennsylvania, generally 
mapped as Martinsburg, contain a series of rocks that differ in lithology, 
fauna, and age limits from those of typical Martinsburg shale. This 
serles of rocks is described and compared with the Taconic sequence in 
eastern New York. Possible fault relations of these rocks with typical 
Mantinsburg shale and underlying limestones in the area are described. 
The suggestion is made that this series of rocks may be a klippe of the 
Taconic sequence overthrust from the east and now resting on true Mar- 
tinsburg shale and older limestones. Its possible felation to the rocks of 
the Martic overtbrust block is discussed. 


WIDE belt of Ordovician shales, which forms the western 

part of the Great Valley of Pennsylvania, enters the 
State from New Jersey and extends southwestward across the 
State (Fig. 1) and passes into Maryland, West Virginia, and 
Virginia. These shales have been regarded as a formational 
. unit and have been named Martinsburg shale from Martins- 
burg, W. Va., where they Не in the Massanutten syncline. 
The Ordovician shales in Pennsylvania are overlain by quartz- 
ose rocks of Upper Ordovician and Silurian age which form 
Blue Mountain, also called Kittatinny Mountain at Delaware 
River in northeastern Pennsylvania and North Mountain in the 
southern part of the State. 

The typical Martinsburg shale ranges in age from middle 
Trenton at the base to Maysville at the top, and normally 
overlies limestones of Black River and lower Trenton age. The 
general sequence of associated formations southwest of the 
Susquehanna River is as follows: 


Am. Jour. Scr— Vor. 244, Мо. 10, Ocrosrz, 1946. 
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Sequence of Ordovician, and Associated Formations Southwest of” 
` Susquehanna River, . 


Stlurian Tuscarora sandstone | Feet 





Red shale and sandstone.  : 400 = 









Oswego or Bald Eagle {Coarse gray sandstone and “7 150+ 
sandstone. · conglomerate. 





Mainly dark-gray to black fissile 
shale; contains fossils of middle 
and upper Trenton and Eden 
age; upper part, soft greenish) 2000 
arkosic sandstone and od 
shale; contains fossils of Pul-|' 
aski and Maysville age. 


Ordovician — cc 
Я Thin-bedded to cobbly blue to 
dark-gray limestone; contains 
Chambersburg limestone. fossils of Black River . and 600 = 
lower Trenton age. 
i Pure fine-grained, even-grained 
е ‘ limestone (calcilutite); con- я 
` tains fossils of Chazy age. 
Blue banded limestone and mag-|  2000— 
Beekmantown наве ове. eslan limestone. n 
Siliceous banded blue limestone 
_ |Conococheague limestone. and thin sandstones. 1500 = 
Cambrian - 


Elbrook limestone. шу: ава виа“ Зао гауда 





‚ Northeastward from Susquehanna River, extending nearly 
to Lehigh River, the Ordovician shales have a markedly differ- 
ent lithology and stratigraphic relation. In contrast with the 
uniformly gray argillaceous shale and sandstones of typical 
Martinsburg this argillaceous sequence contains red and green 
shale, hard, green cherty shale or chert, thick-bedded quartzite, 
thick-bedded granular quartzose limestone with round glassy 
quartz grains, conglomerates containing pebbles of shale and | 
limestone, thin-bedded blue limestone with interbedded shale, - 
and limestone conglomerate. Throughout this area also the 
Chambersburg limestone or its equivalent, the Jacksonburg 
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limestone, is not everywhere present beneath the shale and is 
represented in places by variable thicknesses of cement rock 
- which probably represents part of the Jacksonburg limestone. 
Where this limestone or the cement rock is absent, the shale _ 
rests on older limestones, ranging in age from Beekmantown 
(Lower Ordovician) to Elbrook (Middle Cambrian). 


The shales and kmestones in the area between Susquehanna 
. and Lehigh Rivers contain fossils of probably Trenton age, and 
some shales contain graptolites of Normanskill and Deepkill 
(Beekmantown) age. These graptolite faunas suggest the 
presence in this area of the Taconic sequence which, in eastern 
New York and Quebec, is an argillaceous, sedimentary series 
ranging in age from Lower Cambrian to Trenton. This series 
an New York was deposited far to the east of its present pos-. 
-ition and was thrust westward and now rests on carbonate rocks 
in part of the same age. 


Kay* has suggested that the shales carrying Deepkill and 
Normanskill graptolites in Pennsylvania may occur as an out- 
lier of the Martic overthrust to the southeast. Ashley? has 
recently suggested that these graptolite-bearing shales may 
represent the rocks in the Levis trough of New York and 
Quebec. The writer, having mapped the Martinsburg shale 
in southern Pennsylvania, where it has the uniformly gray 
argillaceous character typical of that formation, later studied 
the shale in the vicinity of Jonestown in eastern Pennsylvania, 
and was so struck by the different lithology of those rocks that 
at first? he suggested the Triassic age of the red shale and 
arkosic sandstone of that area becausc of their close resem- 
blance to the rocks in the main Triassic belt of Pennsylvania. 


Willard,’ who endeavored to work out the sequence and rela- 


1Stose, George W.: 1980. Unconformity at the base of the Silurian in 
Southeastern Pennsylvania: Geol. Soc. Amer. Bull., 41, 638-641. 

* Kay, С. M.: 1941. ' The Taconic allochthone and the Martic thrust: 
Science, 94, p. 78. 

3 Ashley, George H.: 1945. Possible extension of the Levis trough into 
Pennsylvania: Abstract, Geol. Soc. Amer. Bull. 56, p. 1145. 

t Stose, George W.: 1909. Mercersburg-Chambersburg folio, U. 8. Geol. 
Surv. Geol. Atlas No. 170. 

5 Stose, George W., and Jonas, Anna 1.: 1925. Triassic sedimentary rocks 
and basaltic flow northwest of Lebanon, Pa.: Abstract, Geol. Soc. Amer. 
Bull, 38, 160-161. 

* Willard, Bradford: 1948, Ordovician clastic sedimentary rocks ín 
Pennsylvania: Geol. Soc. Am. Bull, 54, 1067-1122. 
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tions of the Ordovician shales east of Susquehanna River, 
stated that “much of the lower Martinsburg from Susquehanna 
River into New Jersey appears, from its graptolites, to be of 
Normanskill age, except the Deepkill forms, yet the underlying 
limestones..are generally younger....It might be supposed 
that the Deepkill shale was faulted up among the younger beds, 
but no structural evidence was seen. . : . Peculiar circumstances 
....Beem to have permitted a few Deepkill graptolites to sur- 
vive into post-Trenton time.” Miller,’ who described the lime- 
stones in and beneath these Ordovician shales, regards many of 
the limestones to be (p. 100) “lenses of limestone deposited at 
different times subsequent to the deposition of the oldest Mar- 
tinsburg shale.” Не states also that the thick massive siliceous 
limestone, 100 feet thick, is (р. 103) “of a lithology not com- 
mon to the Martinsburg limestones in the western region.” 


All geologists who have studied the Ordovician shales in 
eastern Pennsylvania have noted the marked difference in lith- 
ology, stratigraphic sequence, and fossil content of the part of 
the main shale belt between Susquehanna River and Lehigh 
River. .East-of the Lehigh the Ordovician shales again are 
uniformly of argillaceous character like those west of the Sus- 
quehanna, and the name Martinsburg is appropriately applied 
to them. The question arises, could such a marked change in 
lithologic and faunal characters be gradational, and could 
these types of rocks which are unusual in the Martinsburg 
have been deposited in situ? On the banks of the Susquehanna, 
where bright-red and green shales and associated thin-bedded 
limestones first appear, the change is abrupt-from the uniformly 
gray argillaceous shale of the Martinsburg west of the river. 
The limestones exposed in anticlines on the ‘banks of the Sus- 
quehanna were formerly regarded by the writer as cement rock 
of the type present in the Jacksonburg, which underlies the 
shale in eastern Pennsylvania. The few fossils found in these 
limestones, however, indicate Chazy age, whereas the cement 
rock of the Jacksonburg is of Black River and lower 'Trenton 
age. Conglomerates containing pebbles of limestone and shale in 
a coarse arkose matrix, which occur higher in the section east of 

T Miller, Ralph Le Roy: 1987. Martinsburg limestones in Eastern Penn- 


sylvania; and Stratigraphy of the Jacksonburg limestone: Geol. Soc. Amer. 
Bull, 48, pp. 98-112, and pp. 1687-1718. 
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Susquehanna River, have a fauna of lower Trenton age, about 
equivalent to that of the Jacksonburg. These beds of Trenton 
age are overlain by Silurian rocks in Little Mountain north of 
Lebanon, and the sandy beds which contain a Pulaski fauna, 
present in the upper part of the Martinsburg northeast of 
Hamburg, are not-present in the section at Little Mountain. 
Normanskill graptolites, which have been found at several 
places in the. area between Susquehanna and Lehigh Rivers, 
appear to lie above the horizon of the Chambersburg and Jack- 
sonburg limestones. Deepkill graptolites of Beekmantown age, | 
which have been found in the northern part of the shale area 
north of Harrisburg, lie 8 miles north of exposures of Beek- 
mantown limestone, hence it is improbable that the shales con- 
taining these graptolites are a gradational facies of the Beek- 
mantown limestone. There is no doubt about the large grap- 
tolite fauna from the northern part of the shale area on Sus- 
quehanna River being identical with that at Deepkill, N. Y. 
This fauna is known only from the Taconic sequence in eastern 
New York and western New England, and is of Beekmantown 
age. The Deepkill shale and associated argillaceous rocks of 
the Taconic sequence in New York were deposited far to the: 
east and were thrust westward, and now overlie Beekmantown , 
limestone and other rocks of the western carbonate sequence. ' 
It seems reasonable to-conclude that the shale which contains 
the Deepkill fauna on Susquehanna River could not have been 
deposited where it noiv is found, but, as in the case of similar 
shales in eastern New York, was deposited far to the southeast 
and, with the associated argillaceous béds, was thrust north- 
westward over the Beekmantown limestone and higher beds on ` 
which they now lie. 

The writer therefore suggests that the В, anom- 
alies and the lithologic variability of the Ordovician. shale in 
the main shale belt east of Susquehanna River is due to the 
superposition of two distinct sequences of rocks of approxi- 
mately the same age; that the group of rocks that differs. 
lithologically from typical Martinsburg shale, some beds of 
which contain Normanskill and Deepkill graptolite faunas, are 
part of an eastern argillaceous sequence of Beekmantown to 
Trenton age, similar to that of the Taconic sequence, and that 
they have been thrust westward and now rest on true Martins- 
burg shale and in places on limestone older than the Martins- 
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burg.. The overridden typical Martinsburg comprises an even- 
grained gray to black argillaceous shale, some beds of which, 
in the eastern part of the State, have been metamorphosed to 
commercial slate, and overlying sandy вћаје and sandstone 
which contain fossils of Pulaski age. Northeast of Hamburg, 
Pa., where these sandy beds are enclosed in a syncline they form 
Shochary Ridge in Berks and Lehigh Counties. The overthrust 
shale sequence regarded as “Taconic” in places contains gray 
to black argillaceous shales similar to those in the typical Mar- 
tinsburg, and when these similar shales of both sequences are 
in contact, it is difficult to distinguish the overthrust from the 
overridden rocks. The writer believes that a presentation of 
the present known facts and a suggested solution of the rela- 
tions of the rocks will prove of value to future study, which is 
much needed to establish the exact sequence of the rocks which 
resemble the Taconic sequence, and to prove their fault rela- 
tions to the underlying rocks. 


Sequence of Beds in. the “Taconic Sequence” of Pennsylvania. 


` The order of beds in the proposed “Taconic thrust block” is 

difficult to determine because of close folding, the presence of 
overturned folds and cleavage which in places has obliterated, 
the bedding, and lack of knowledge of the top or bottom of the 
series. Two horizons of limestones seem to be present: one 
above and the other below a medial series of red, green, and ' 
gray shales. On the basis of the present knowledge of these 
rocks the writer has recognized five mappable units in the 
“Taconic sequence” of Pennsylvania which deserve о Ъе given 
formation names. The beds in these formations are variable 
in character and thickness, and the units, except the con- 
' spicuous red and green shales, are difficult to trace from place 
to place. Therefore, before they are given names, more 
detailed study is necessary to establish their unity, determine 
their thicknesses, and prove their relations to one ànother and 
to the adjacent formations. More fossils also must be col- 
lected to establish their correlation with formations in the 
Taconic sequence of New York. In the following table the 
formational units suggested by the writer are not given names , 
but are numbered, and are listed in order from the youngest 
downward. 
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“Taconic Sequence" in Eastern Pennsylvania. 


Thin-bedded blue limestone with shale partings, limestone con- 
glomérate, and thick-bedded limestone with glassy ‘quarts 
grains; contains crinoid segments and brachiopods of и 
Trenton age. 


Thick-bedded massive, coarse calcareous quartzite or highly 
quartzose limestone with glassy quartz grains. 


Coarse arkosic sandstone, the upper part containing -arkosic . 
conglomerate with pebbles of slate, chert, and limestone, called 
chip conglomerate by Willard; contains lower Trenton fossils. 


Gray to black shale, containing graptolites of Normanskill and 
Deepkill age, underlain by red and green shales. 


Coarse, thick-bedded limestone with glassy quartz grains and 
calcareous quartzite, underlain by thin-bedded limestone with 
shale partings; contains crinoid segments, Leperditia, and an 
orthoid shell, said to suggest middle Chazy age. 


The units here recognized will be next described in more 


` detail, beginning with the oldest. 


Formation 1.—The limestones which crop out on the banks of 
Susquehanna River and in stream valleys east of the river, 
north of Harrisburg, seem to be exposed in anticlines and 
are regarded as the oldest rocks in the “Taconic series.” 
They directly underlie red, green, and buff shales.) One 
of the best exposed sections of these limestones is one mile 
south of Enola, three miles northwest of Harrisburg, : 
where the following section is shown: 


Section of Daunia 1 Mile South of Enola. Feet 


Gray and red shale. 

‚ Gray shale with scattered beds of thin limestone. 

Thin platy to ribbon-banded light- to dark-gray, fine-grained to 
granular limestone with interbedded dark shale. 

Thicker-bedded limestone, in part conglomerate of light-colored Ime- 
stone in dark matrix and containing many round glassy quarts 
grains. The conglomerate beds contain an orthoid shell, Leperditia, 
and crinoid segments, which suggest middle Chazy age. 


Well-bedded blue to gray magnesian limestone (may be top of under- 


lying limestone). 


БО: 


602 


255 _ 


| 10m 


These limestones are exposed again at several places north- 
west of Annville on Quitapahilla and Swatara Creeks and their 


* Stose, George W.: Geol. Soc. Amer. Bull, 41, idem, p. 687. 
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- tributaries. ‚ Оп Quitapahilla Creek, 2 miles northwést of Ann- 
ville, an anticline of limestone is exposed clearly underlying | 
red, green, and gray shales. The section i is as follows: 


Limestone Exposed on Ойран. Creek, Pa. 


Feet 
Red, green, and gray shales. : 
Siliceous dolomite. 22^ 
Thin-bedded, dark, quartxose limestone and interbedded shale; some 
of the limestone contains glassy quartz grains. 802. 
Massive quartsose limestone or calcareous quartzite. | 6 
Dark limestone and interbedded shale. 202 


At Harpers Tavern on Swatara Creek the following section 
of these lower limestones is exposed in an anticline: 


Section at Harpers Tavern. 


. Feet 

Black, platy, argillaceous limestone, flecked with mien, and inter- `. 

bedded shale. 20+ 
Thin-bedded to platy, dark, fine-grained, siliceous to argillaceous 

limestone with thin shale -partings in upper part. ' 1002 


Thin-bedded, lamillar, crossbedded sandy limestone -with trail mark- 

ings on bedding surfaces, and irregular, dark, argillaceous partings. 6 
Thick, quartzose, blüe limestone. Я 20 

Farther east at Jonestown, northwest of Lebanon, thick 
quartzite, a basalt flow, and limestone beneath red, green, and 
black shales are believed to represent the limestones of forma- 
tion 1, but they may be still lower beds of the “Taconic 
sequence” as explained later in this paper. The section of 
these beds is as follows: 


Section at Jonestown, Ра. 


\ 


Feet 
. Red, green, and gray shales. 
Massive quartzite (may have been quartzose limestone altered by 
igneous: action). т 602 
Basalt lava flow; contains. fragments of ‘indurated сиве: 800 = 


Thick-bedded. dark-blue to gray limestone (resembles underlying 
Beekmantown limestone’). t 


Liméstones exposed in the railroad cut juat west of Е 
seem to be ‘the.lower limestones of the “Taconic sequence,” 
although they are not directly associated with red shale.- The 
section of these limestones i is as follows: | 

» Stose, George W., and Jonas, Anna I.: 1927. Ordovician shale and 


associated lava in southeastern Pennsylvania: Geol. Soc. Amer. Bull, 18, 
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Section in Railroad Cut West of Lebanon. 


Feet 
Gay shale. ' 
. Platy limestone. (1" beds) and irregular bedded limestone (2-4" 
3 beds) with shale partings. | aae 
Massive limestone with round, glassy quarts grains. 
‘Shale and thin-bedded limestone (may be "the overlying beds repeated | 
` by folding). · 
. Thick-bedded, dark, perm ОЕА limestone’ (2-8" beds) with |, 
shale partings. f BOs 


FORMATION 2. -—The limestones. EON on both бай of Sus- 
quehanna River. and in valleys northeastward to Quitapa- 
hilla and Swatara Creeks are overlain by red and green. 

‚ shales. Similar red and green shales have been observed 
in bands which extend eastward nearly to Lehigh River. 
'The:red and green shales are overlain by gray to buff- 

· weathering shale, in which are beds of hard’ dense green 
cherty shale or chert. Some of these gray.shales contain 

· graptolites of Normanskill age, and at one place on Sus- 
quehanna River they contain a graptolite fauna of Deep- 
kil (Beekmantown) age. Тһе” writer also. collected 
graptolites, regarded by Ulrich as probably Normanskill, . 
from shaly arkdsic sandstone at Steelton, Dauphin County, 
4 miles southeast of Harrisburg. Willard’ reports 8. 
species of graptolites of probably Normanskill age from 
the-vicinity of Steelton, one species from a nearby place | 
опе and one-half miles southeast of Oberlin in the same 
County, and 6 species of undoubted Normanskill age from. 
two miles southeast of Manada Gap, Dauphin County. 


_ Formation 8.—The gray shales containing graptolites, in 
places are overlain by thick-bedded, coarse, arkose, in the 
upper part of which are fine conglomerates. These con- . 
glomerates are poorly sorted and contain angular frag- , 

. ments of limestone, shale, and chert i in an arkosic matrix. 
Some of these conglomerates are so distinctive in appear- 
ance that the writer has used them‘as a key horizon 
in determining the sequence of.beds. In this paper they 
will be referred to as limestone-shale-pebble conglomerate. 
Willard"? called them chip conglomerates, and states that 
he could trace them for long distances along the strike. 

‚ 29 Stose, George W.: Geol. Soc. Amer, Bull, 41, idem, pp. 688-641. 


= Willard, Bradford: idem, p. 1099. 
13 Willard, Bradford: idem, p. 1078. 
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< The best exposures of these limestone-slate-pebble con- 
glomerates are found north of Lebanon on the slopes of 
Little Mountain and on other high hills-in the vicinity. 
"These high hills are an outlying, detached ridge of Blue 
Mountain and are capped by hard, а Silurian ngu 
ite like that on Blue Mountain. 


- The Silurian quartzite of Little Mountain i is uncon- ` 


ит to the underlying limestone-shale-pebble соп- 
glomerate because higher beds which lie above the con- 
glomerate elsewhere are not present at Little Mountain. 
“Fossils have been collected by the writer at three places in 
this vicinity: On a high hill one mile northwest of Bethel; 
‚ on a lower hill in the same strike five miles west of Bethel; 
and on the east end of Little Mountain three miles north- . 
west of Bethel. These fossils, as identified by Ulrich, 
comprise Pachydictya aff. acuta, Rhinidictya sp., another 
.undetermined bifoliate bryozoan, and an orthoid shell. 
According to Ulrich, these forms suggest lower ‘Trenton 
age. E 
Westward from Little Mountain the limestone-shale- 


- 


pebble conglomerate was observed at only one place, at . l 


` Progress, three miles northeast of Harrisburg. East- 
ward from Little Mountain where the upper beds of the 
series are more widely exposed, the limestone-shale-pebble 
conglomerate is more plentiful. In that area the writer ` 
found the conglomerate on Schuylkill River north and 
' south of Hamburg, and at Kémpton and Wassnersville 
near Maiden Creek, and Willard has traced it eastward аз‘ 
far as Lowhill, Lehigh County. | 


CaM ION 4.— The coarse- arkose containing the limestone- 
shale-pebble conglomerate ‘just described`is overlain by 
thick-bedded highly quartzose limestone.with glassy quartz 
grains, or calcareous quartzite, several hundred feet 
thick. On the upland the quartzose limestone generally 
weathers to porous sandstone. On the, north branch of 
Sacony Creek, three miles northwest. of Kutztown, the 

` limestone-shale-pebble conglomerate ips south and ів 
overlain by shaly beds followed by thick-bedded quartzose 
limestone with glassy quartz grains.. At Sacony Creek 
_ the quartzose limestone lies nearly horizontal, and south- - 
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| ward оп. the creek the beds dip north. The thick-bedded - 
` quartzose limestone evidently is enclosed in a syncline and 
overlies the limestone-shale-pebble conglomerate. North 
of Kutztown and westward there 18. ап east-west belt of 
the thick-bedded quartzose limestone 200 feet thick in 
which are located Crystal and Onyx Caves described by 
Miller? It is these limestones that Miller states are of a 


type not commonly found in the typical Martinsburg ЈЕ 
west of the Susquehanna. К 


Formation 5.—At Leesport and northward on Schuylkill River , . 
the thick-bedded calcareous quartzite is overlain by, and 
possibly interbedded with, thin-bedded to platy siliceous 
limestone having shele partings. The platy limestone . 
resembles the cement rock of the Е and was 
formerly called the Leesport limestone. * The sequence 
of the limestone at and north of Leesport is confused, but 
partial sections are as follows: 


Sertion of a Syncline 1% Miles North of West Leno, 


у Feet 

Thin-bedded shaly sandy limestone. 8 

Thick homogeneous calcareous blue quartzite. | | 10 

Thinner bedded calcareous sandstone. . : , b 

Section of Beds Dipping 75° 5. Near West ois 

Thick-bedded calcareous quartzite. 10 
Concealed. . | : | | 80: 

. Thick-bedded bluish calcareous quartzite, : ` 10 

. Thin-bedded limestone (1-inch beds) with shale partings. 70 

- , Thick-bedded calcareous quartzite with limestone conglomerate at 


top. 20 
Shale. | : 

In a previous publication! this section was inverted оп the 
assumption that the beds were overturned. At' West Leesport, 
south of the section given just above, 70 feet of thin-bedded 
limestone and 85 feet of massive calcareous sandstone are 
exposed, as is illustrated by Miller" but the order of sequence. 
is not clear. 


45 Miller, Ralph L.: 1941. The origin of Crystal and Onyx Caves, Penn- 
sylvania: Pa. Acad. Sci. Proc. 15, 68-78. ` 

14 Stose, George W., and Jonas, Anna I.: idem, рр. 510-511. 

15 Stose, George W., and Jonas, Anna I.: idem, р. 511. 

?* Miller, Ralph: Stratigraphy of the Jacksonburg limestone, loc. dit, 
р. 1711. А К 
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A comparison of. the proposed new, formational units in 
eastern Pennsylvania with those recognized in the Taconic 
sequence of eastern New York shows similarities other than the 


George W. Stose. 


presence in both of them of Normanskill and Deepkill graptolite 


Tentative Correlation Chart, Taconic Sequence. 


Southeastern Pennsylvania . 


Thin-bedded limestone and inter- 
bedded shale; contains fossils of 
probably Trenton age. 

Thick-bedded calcareous quartsite or 
quartzose limestone, coarse arkose 
and limestone-ghale- e- pebble conglom- 
erate; contains lower: Trenton 
fossils, 


Dark shale with green chert beds; 
contains Normanskill graptolites. 


" 


faunas. 


Eastern New York 


Snake Hill shale; dark shale and con- 
glomerate. - 


Rysedorph conglomerate; limestone 
conglomerate, the pebbles of which 
contain fossils ranging from Lower 
Cambrian to Trenton. 


Normanskill shale; black shale, gray- 


маске, red and green shale, and | 
chert; contains graptolites of Nor- 





manskill age. 
Soft buff-weathering shale; contains Deepkill shale; contains graptolites of 
° РеерЕШ graptolites. “Beekmantown age. 
Red and green shale and some gray 
shales. } 
Thin-bedded limestone, quartzose | Bald Mountain limestone; contains 
. limestone, limestone conglomerate;|  Leperditia and other fossils of 
contains Leperditia and other fos-| Beekmantown age. (Position in 
sils of probably lower Ordovician| stratigraphic column not deter- 
age. . : mined). 

Schaghticoke shale; black to green 
shale and interbedded thin gray 
limestone. 

Red shale, thick hard quartzite, and | Schodack shale and limestone. 
basalt flow exposed south of Jones- ‘ 
town. May be older than the above Hor pue: green to-red гено purple Е 
limestone and may be equivalent to 
lower Cambrian formations. Diamond Rock иан 3 

Bomoseen grit. | за 

Nassau beds; red ‘and green shale апа | Е 
quartzite. 3 


Ordovician 


The limestone shale-pebble conglomerate, containing 


7 a lower Trenton fauna, resembles and may be the equivalent of: 


the Rysedorph conglomerate. ` 


The graptolite-bearing shales 


and associated red and green shale are probably equivalent to 


M у ay ‘ 
р 
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the Normanskil and Deepkill shales.’ The lower, limestones , 
‘and limestone conglomerate, which .contain Leperditia and. 
other lower Ordovician fossils, may be the equivalent of the | 
Bald Mountain limestone which contains Leperd$tia and other. 


fossils of Béekinantown age. А tentative correlation based on . 
similarity of lithologic character and on meager faunal evi- 


dence is presented in the preceding table. 


: There is no known paleontologie evidence of the: ‘occurrence - 


| in Pennsylvania of the Lower Cambrian formations which are ` 


present in the Taconic sequence ọf western New England. Tt. | 
is possible that the réd and green shales, thick massive hard : 


quartzite, basalt flow and associated diabase sills, and thick- 


bedded limestone which\occur south of Jonestown may repre- M | 
‘sent these Lower Cambrian rocks. These rocks south of Jones- ~ 


town are in a fault block bounded on the east and west by cross 


| faults, and máy be an uplifted block in which Lower Cambrian : 
rocks are exposed. Basaltic and diabdsic rocks occur inthe, 


d 


"Taconic sequence of New York associated with the Normanskill | 


_ shale at Starks Knob,'? near Schuylerville, М. Y.; in the Berk- 
shire nae а Rensselaer graywacke of probable Lower red 
brian age;?'and in Је older rocks of the Magog пыш 
Quebec. 


EVIDENCE oF OVERTHRUSTING. 
EM Main Shale Belt. 
On the map of eastern Pennsylvania in Fig. 2 the rocks that 


· .a&re tentatively assigned by the writer ‘to the “Taconic 
. Sequence” are separated from those that are.regarded as typi- . 
‚ cal Martinsburg.. The line which separates these two groups . 


` of rocks is shown as a thrust fault, and the fault block of the . 


‚ “Taconic sequence” is called the Hamburg kdippe. It extends . 
.. from the west side of the Susquehanna River northeastward 


3 tose, George W., and Jonas, Anna L: idem, Fig. 7, р. 528. 

18 Cushing, H. P., and Ruedemann, R.: 1914. Geology’ “of Saratoga 
Springs and vicinity: N. Y. State Mus. Bull. 169, 115-185. 

1° Dale, T. Nelson: 1892. The Rensselaer grit plateau in New York: U. 8. 
Geol. Surv. 18th Ann. Rept., pt. 2, p. 827. 

Prindle, Louis М. and Knopf, Eleanora Bliss: 1982. Geology of the 
‚ Taconic-quadrangle: Amra. Jour. Sar, (5), 24, 282-284. 


з Dresser, John А, and Denis, T. C.: 1944. Geology of Quebee: Quebec -` 


‚ Dept. Mines, Rept. 20, 2; 872-886. 
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nearly to Lehigh River. In areas where data are lacking and 
‘there is no known evidence of faulting, the location of the fault 
` is drawn somewhat arbitrarily. -Exposures of shale along the 
‚ south border of the postulated klippe seldom show the dip of . 
the beds, and there clear evidence of faulting is generally lack- 
ing. Search for such evidence is much needed to establish fault, 
relations and determine. the location of the fault. The writer 
realizes that, because of incomplete knowledge, the mapping 
indicated in Fig. 2 is subject to modification as the result. of 
more detailed field work. 
The most éonvincing evidence which the writer has that the 
. “Taconic sequence". is thrust over typical Martinsburg shale 
' in eastern Pennsylvania is in the vicinity of Kempton. North 
of Kempton the sandy beds of Shochary Ridge and the black . 
shale and commercial slate north of the ridge are undoubtedly ' 
Martinsburg. The black commercial ‘Slate makes a nearly 
straight northeast-trending band (Fig. 3) and is overlain by 


‘south-dipping calcareous shale which carries crinoid segments ` 


and brachiopods of middle Eden age. These beds are overlain 
by - Tosaililerons sandy. beds which contain a fauna of Pulaski | 
age. The sandy beds form Shochary Ridge and were named 
Shochary sandstone by Willard., The Shochary sandstone is 
the upper member of the typical Martinsburg shale in this area, 
and is enclosed in a tight asymmetric syncline, the south limb of , 
which is vertical (Fig. 3). Fossils of Pulaski age were col- `. 
lected by Willard (p. 1096) on Shochary Ridge eastward as 
far as Jordan Creek, south of Pleasant Corners. At Kempton 
and wesbward, soft argillaceous shales, which are the lower part 
of the Martinsburg and contain an Eden fauna, are present 
south of the syncline.. East of Kempton these soft shales wedge 
out and are.evidently cut out by the fault. South of Kempton 
red shales, limestone-pebble conglomerate, and hard arkosic 
. sandstone of the “Taconic sequence" are closely folded, as 18' 
shown by the intricate pattern of their outcrop in Fig. 8, con- 
trasting strongly with the straight-line pattern of the typical 
Martinsburg north of the fault. At the contact of the two 
series, the shales are much crumpled. It seems clear that, in 
the vicinity of Kempton, closely folded rocks of the “Taconic 


sequence” are thrust northward over less-disturbed Martins- ~~ 


3: Stose, George W.: idem, pp. 648-649.- 
за Willard, Bradford: idem, p. 1097. 
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burg shale and that the “Taconic sequence” here overrode the 
soft lower beds of the Martinsburg and eastward abut against 


а syncline of Shochary sandstone of Pulaski age, the upper : 


‚ part of the-Martinsburg. 
. Evidence of. faulting on the borders of the Hamburg klippe 
will be next described. The south edge of the klippe will be 


described first, beginning at Susquehanna River and continuing . 
. eastward. | : 


East of Өзен River, just south of Marcha and 
extending eastward nearly to Hummelstown, the shale hills rise 
. abruptly out of the limestone lowland in an almost straight 
line. No dips were observed in the shale near the contact, but 


at one place a hard sandstone not characteristic of the base of 


the Martinsburg crops out close to nearly vertical limestone. 
The limestone south of the shale is chiefly Beekmantown and 
everywhere dips steeply south. The Stones River and overly- 
ing Chambersburg limestones, which are present- beneath the 
shale west of the Susquehanna, are absent east of the river. 
In the railroad cut west of the river there is evidence of faulting 
between the limestone and shale. The Chambersburg limestone 
at the contact is crushed and slickensided and its full thickness 
is not present. The contact of the shale. and limestone east of 


the river is believed, енш to be a ш although definite ' y 


proof is lacking. 


Near Hummelstown а long narrow area of shale extends 
southwestward from the main shale belt and diagonally crosses | 


the limestone valley. This. shale area passes through Steelton 


and ends at a point two and one-half miles southwest of. 


Shepherdstown, where it is cut off on the south side by the 
Triassic border fault. Near Shepherdstown the west edge of the 
shale area transgresses folds in the Beekmantown and Conoco- 
, cheague limestones. At its southwest end the shale overlaps 


folds in the Elbrook limestone. The shale near its contact | 


with the limestone is crushed and veined with quartz, and the 


quartz contains pyrite. Just west of Hummelstown in this belt, : 


‘purple and green shales and hard sandstone, not characteristié 
' of typical Martinsburg shale, are exposed at the north margin 


of the shale. Graptolites of Normanskill age have been col- · 


lected from. gray shale in this belt at several places near Steel- 


т з» Geologic map of York County, ын Fe Geol. Surv. Bull. С 67, 
: PL 1, 1989. 
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ton and но ` "The presence of purple and green 
shale and hard sandstone and the graptolite fauna. suggest the 
` “Taconic sequence.” The crushed character of the shale, the 
presence of quartz veins, and the stratigraphic and structural 
‘discordance of the shale to underlying formations suggest fault- 
ing. This long, narrow, shale area, therefore, may be part of 
the Hamburg klippe resting in thrust relation on older lime- 
stones. However, cement rock of the Jacksonburg type under- 
- lies (overturned so that it overlies) ‘the shale along the whole 
length of the south margin, and was. observed also at two 
places on its north border. The cement rock contains bryozoa, 
brachiopods, cystid plates, and crinoid segments of probably 
lower T'renton age, similar to fossils present in the Jackson- 
burg. It would Бе remarkable if the shale were thrust to its 
' present position and came to rest on the cement rock in.appar- 
ent stratigraphic position. Furthermore, the colored shale 
west of Hummelstown is purple and not-bright red as is that in 
the “Taconic sequence.” The shale in thig area, therefore, may 
be an overturned syncline of Martinsburg shale, bordered by 
' underlying cement rock of the Jacksonburg limestone, which 
' has been much crushed and veined by intense folding. This 
belt of shale is continuous northeastward with soft gray shale 
and thin cement rock in minor synclines on the southeast border 
‘of the main belt east of Hummelstown, which are classed аз 
Martinsburg. Further field study is necessary positively to 
determine whether the diagonal shale belt extending to Shep- 
herdstown is a part of the thrust block of the “Тага 
sequence” ог is Martinsburg shale. 

East of Hummelstown, along the south border of the shale 
belt, small folds enclose soft, buff shale, which is believed to be 
Martinsburg, underlain by thin cement rock of the Jackson- 
burg which rests in normal stratigraphic position on the Stones 
River limestone. These rocks are believed to be part of the 
overridden block, and the fault bounding the Hamburg klippe - 
apparently lies to the northwest within the shale. If the 
Shepherdstown-Steelton shale area is Martinsburg, the fault 
maybe continuous with the postulated fault at the shale border 

` east of Harrisburg (Fig. 2). . -. ^^ 

Eastward, near Annville, red shale is present close to the 
south ‘border of the shale, and the shale near the contact is 
injected by many small quartz veins. Several large springs 
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emerge along this contact, one of which, just north of Annville, 

‚18 the.source of that city's water supply. The Stones River 
limestone, which is extensively quarried west of Annville, dips 
45° S., overturned, and in places is overlain by a narrow zone 
of cement rock. "These limestones are part of the overridden 
block, and the fault apparently lies at the south edge of the 
shale. 

At Lebanon also red shale is present at the south edge of the 
shale belt and the fault marks the contact wrth the limestone 
of the lowland. Thin-bedded limestone, exposed. in the cut of 
the Tremont Branch of the Philadelphia and Reading Railroad 
just west of the town, is regarded as part of the overthrust 
“Taconic sequence.” Three miles northeast of Lebanon and 
extending eastward to Womelsdorf, a wide belt of cement rock 
of the Jacksonburg type overlies the Stones River limestone 
in normal relation, and just east of Lebanon small areas of 
gray shale are enclosed in synclines in the cement rock. The 
cement rock and enclosed Martinsburg shale are evidently part 
of the overridden block and the south edge of the Hamburg 
klippe apparently lies north of the cement rock at the edge of . 
the main shale area. At Host, northwest of Womelsdorf, there 
is clear evidence of faulting along the south border of the shale. 
Massive well-bedded dolomite crops out at Host between the 
shale and the cement rock. The dolomite is believed to be 
Beekmantown limestone exposed in an anticline in the cement 
rock of the overridden block. In the reéntrant in the shale 
front at Host, the dolomite strikes northwest and: passes under 
the shale. The shale is contorted, crushed, stained red with 
iron, and is injected by vein quartz. The relations here indi- 
cate a thrust fault which dips north into the reéntrant. The 
hills of shale and sandstone on either side of Host are unusually 

. high and rise sharply above the limestone lowland. Similar 
abruptly rising, high shale ‘hills continue southeastward to and 
beyond Tulpehocken Creek. West of the creek the presence of 
abundant vein quartz and calcite and iron-stained shale bear 
‘evidence of a fault at the south border. East of Tulpehocken 
Creek the fault continues. eastward between the shale on the 
north and cement rock and massive limestone, probably Beek- 

‚ mantown exposed in an anticline in the overridden block, to the 
south: The fault apparently continues eastward in the shale 

to'a деер reéntrant in the shale front northwest of Reading, 
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where Beekmantown limestone i in an Е in the overridden 
block forms. the reéntrant.. South of.this part of the fault, 
the wide belt of gray shale, which locally overlies cement rock 
"west of Wernersville, is regarded ! as Martinsburg. 

North of the reéntrant in the shale front, northwest of Read- 

. ing, the shale contains thick eonglomerate beds and makes рхе- 
cipitous bluffs that rise above the limestone lowland. Tue con- 
glomerate is evidently part of the “Taconic sequence,” and 
the abrupt hills at the contact with the limestone are believed 
to mark the edge of the overthrust-block. West of Leesport, 
on Schuylkill River, where limestones believed to be the upper 
part, of. the “Taconic sequence” are present at, the south edge 
ofthe shale belt, the fault Нев at the contact with the Beek- 
mantown limestone in the lowland. The rocks of the “Taconic 
sequence” exposed in the railroad cut at West. Leesport are . 
closely folded, sheared, and faulted, as previously stated under 
the description of the limestones at Leesport, but the contact 
of these rocks with the overtidden Beekmantown limestone 18 
not exposed. : 

Northwest of Kutztowm a narrow belt of soft shale, Shick 
overlies the cement rock exposed at Kutztown, is regarded as 
Martinsburg. The fault apparently lies between this shale and . 
the calcareous sandstone of the upper part of the “Taconic 
sequence” to the northwest. Northeastward the fault has been 
: arbitrarily drawn between thick calcareous sandstone ‘and red 
shale of the “Taconic sequence" on the west and soft shales and 
commercial slates; regarded as Martinsburg, on the east. The 
red shales of the “Taconic sequence,” exposed in an anticline, 
end east of Werleys Corner. The limestone-shale-pebble con- 
-  glomerate of formation З of the “Taconic series".has been 

. traced eastward to Lowhill.:. At the edge of the shale area east ` 
of the arbitrarily drawn fault, soft gray shale overlies uncon- 
formably the Beekmantown limestone and cement rock of the 
Jacksonburg. Here the irregular occurrence of cement rock 
suggests possible faulting, but the relations near the contact 
„seem to be stratigraphic, and the shale is believed to be Mar- 
tinsburg noting on the underlying rocks by depositional 
_ overlap. 


The north edge of the “Hamburg klippe" will next be 


** Behre, Charles H. Jr.: 1988. Slate in Een ons! Ра, Topog. and 
Geol. Surv. Bull. `М16, Pl. 25. 
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_descritbed, beginning at the east. The Martinsburg shale 
northeast of Kempton, comprising black commercial slate and 
soft shale at the base, calcareous slate with a middle Eden 
fauna in the middle, and at the top sandy beds of Shochary 
Ridge containing a Pulaski fauna, has already been described. 
The relation of the rocks of the “Taconic sequence” south of 
Kempton to the typical Martinsburg shale to the north, clearly 
suggests that the “Taconic sequence” has been thrust over the 
Martinsburg. (Fig. 8.) The fault at Kempton has been 
traced westward to Blue Mountain where it passes under the 

_ Silurian rocks north of the Pinnacle. Because the thrust fault 
is overlapped by the Silurian rocks it is pre-Silurian or Taconic 
in age. 

Westward as far as Little Mountain, in the area north of 
Lebanon, all the shale south of Blue Mountain is of the 
“Taconic type,” and the overthrust is buried by the Silurian 
rocks of the mountain. Little Mountain, an outlier of Blue 
Mountain, is also capped by Silurian sandstone which, as 
previously stated, overlies arkosic sandstone with fossiliferous 
limestone-shale-pebble conglomerate, the upper part of the 
“Taconic sequence.” At Swatara Gap, just west of Little 
Mountain, black shales with an abundant middle Eden fauna? 
directly underlie the Silurian sandstone. "The fauna of these 
fossiliferous beds is the same as that which occurs elsewhere in 
the lower part of the typical Martinsburg, and they are 
undoubtedly part of the overridden block. The fault, there- 

: fore, emerges from beneath the Silurian rocks east of Swatara 

‚ Gap, probably in the valley north of Little Mountain, and 
passes south of the shale with the Eden fauna. То the west- 
ward a similar middle Eden fauna was collected by Willard?? 
&t Indian Gap, 5 miles southwest of Swatara Gap.. At the 
Susquehanna Gap, the same fauna was collected by the writer?" 

from soft gray shales 200 feet below the base of the Juniata 
sandstone of Blue Mountain. About 1,000 feet south of the 
shales with the Eden fauna, gray shales of the “Taconic 
sequence” yielded graptolite faunas of Normanskill and Deep- 
kill age. The overthrust, therefore, must lie in the shale 
between these two outcrops. It is probable that a narrow belt 

38 Stose, George W.: idem, pp. 648-644. 


_ зе Willard, Bradford: idem, р. 1098. 
37 Stose, George W.: idem, р. 640. 
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of lower Martinsburg shale borders the foot of Blue Mountain 
from Swatara Gap to Susquehanna Gap and lies north of the 
“Hamburg klippe” composed of red chal and other character- 
istic beds of the “Taconic sequence.” 

Red shales are present on the west bank of Susquehanna 
River, but they аге not known to extend farther west. ‘The 
*Hamburg klippe" i is therefore arbitrarily ended a short dis- 
tance west of the river. 


Martinsburg Shale East of Lehigh. River. | 

The Ordovician shale at Lehigh River is of Martinsburg type _ 
and comprises 2 zones of roofing slate separated by a medial’ 
zone of sandy beds. Fossils of Pulaski age, similar to those 
in the sandstones of Shochary Ridge, were collected by Willard 
(p. 1097) from-these medial sandy beds, and they undoubtedly 

represent the upper member of the Martinsburg. They are 
interpreted by the writer as occurring in а syncline, and the 
two zones of roofing slate are the lower member of the Martins- 
burg on either limb of the synchne. The Martinsburg shale 
is underlain on its south side by the J acksonburg limestone in 
normal stratigraphic sequence. Eastward from Lehigh River 
the two members of the Martinsburg shale persist to Delaware 
River and the shale is underlain by Jacksonburg limestone.?? 

А: broad belt of Ordovician shale, divided by an elongated 
area of underlying limestone exposed in an anticline; crosses 
the northwest corner of New Jersey. Southeast of the main 
belt two small areas. of shale lie in the Great Valley. The shale 
1л all these areas is underlain by Jacksonburg limestone, and 
no red shale or other unusual types of sedimentary beds are 
present. The name Martinsburg shale is therefore appropri- 
ately applied to these shales. At Branchville, М. J.,'at the 
north end of the anticline exposing limestones in the middle of 
the main shale belt (Fig. 1), Weller”? collected 4 species of ' 
Normanskill graptolites in shale which lies 50-75 feet above the 
Jacksonburg limestone. The Jacksonburg at this locality con- 
tains a lower Trenton fauna, and Weller concluded that the 

`- overlying Normanskill graptolites here'are of middle Trenton 
age since they directly overlie the lower Trenton. The pres- 
` 38 Behre, Charles Н., Jr.: 1927. “Slate in Northampton County, Pa.: Pa. 


_ · Topog. end Geol. Surv. Bull. M9, Pl. 2. 


а» Weller, Stuart: 1908. Paleozoic faunas: М. J. Geol. Surv. Rept. on 
Paleont., 3, p. 52. 
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| ence of Normanskill graptolites in shale above. the Chambers- 


_. burg or Jacksonburg limestone, therefore, does not necessarily . | 


"place the shale in the Taconic sequence. The exact position of 
the Normanskill fauna in the stratigraphic column can not be 
‚ determined at the type locality in eastern New York because it 
is not associated with fossiliferous carbonate rocks in which 
the type’ stratigraphic section is established. It has been 
generally considered to be of Chazy age. . 


' The Coopers,” who have recently studied the stratigraphy of | 
, the, Athens. shale of Virginia which carries thé Normanskill 
' fauna, conclude that “The Athens in Virginia, previously 
‚ regarded as.Chazyan, is laterally continuous with beds -contain- 
ing а post-Chazyan fauna.... The Normanskill shale of New 
York, faunally and lithologically related to the Athens ‘shale, 
13 also probably post-Chazyan, as was originally believed. by 
 Ruedemann." - Ruedemann™ originally placed the Normanskill ' 
in the Trenton. This accords with Weller's determination of 
müddle Trenton age for the Normanskill in New Jersey. In 
"New York, southwest of ‘Albany, the Taconic sequence has been | 
mapped, and is separated from shales of the Great Valley, which 
are approximately equivalént to the Martinsburg shale, by a 
‚ hypothetical thrust fault. “The shales. of the, Taconic 
sequence are there described: as closely folded, ‘slickensided, 
E broken by minor faults, and cut by. calcite veins, whereas the 
shales of the Great Valley, to the west, are little disturbed. 
No major fault was observed between these two groups of shales 
‘of approximately the same age, but the faunas of the two ' 
groups are so diverse and unrelated that the two shales are . 
believed to have been deposited in widely separated parts of the 
basin, or in separate troughs, and to have been brought into 
,juxaposition by overthrusting. Southward, at the Helderberg. 
escarpment, these two groups of shales and the separating 
hypothetical fault are covered by sediments of Silurian 
(Manlius) and Devonian age, and, the fault is therefore pre- 
Silurian, or Taconic, i in age. 

в Cooper, Byron W. and Cooper, G. Arthur: 1946. Lower Middle ‘ Ordo- 
vician Stratigraphy of the Shenandoah Valley, Virginia: Geol. Soc. Poner 
Вин, 57; p. 108. 

= Ruedemann, R.: 1901. Hudson River beds near Albany and thelr 
taxonomic equivalents: N. Y. State Mus. Bull. 42, p. 551. 


**Ruedemann, Rudolph: 1980. Geology of the Capitol District: М. Y. 
State Mus. Bull. 285, Сеојрш са! map. 
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` Detached Shale Areas South of the M ain Shale Belt. 


In Pennsylvania and New Jersey several detached areas of. 
Ordovician shale Не south,of the main shale belt. Most of the 
areas lie north of the belt of Triassic rocks, but several areas 
of shale in Pennsylvahia are south of the "Triassic. In New 
Jersey, 2 areas of Ordovician shale within the Jersey High- 


' lands are enclosed in a syncline along Musconetcong River. 


The shale in these areas is gray, argillaceous, and is underlain 
by Jacksonburg limestone. It is therefore Martinsburg and 
not а part of the Taconic sequence. Three areas of Ordovician 
shale, associated with Paleozoic liméstones, occur south of the ' 
Jersey Highlands, on the north border of the down-faulted 
Triassic rocks. These shale areas аге shown on the geologic 
map of the Raritan fofio.? The shale in all three areas is 
largely bright-red in color. The eastern area, which lies north 


` of Gladstone, is shown on the Raritan geologic map as faulted 


on all sides. `А small area of shale south of Annandale is also 
shown ав faulted on all sides. The-other area is northeast of 
Jutland. (Fig. 1). The writer accompanied Henry B. Küm- 
mel in an examination of the rocks in the vicinity’ of Jutland. 
The shale lacks the uniform argillaceous character of the Mar- 
tinsburg. Besides bright-red shale there are present hard. 
ridge-making sandstones, thin-bedded limestone banded with 
slate, and limestone conglomerate. .The sequence of beds 
observed by the writer is as follows, although the limestones in 

the upper part of the séction may be repeated by folding: | 


Sequence of Beds at Jutland, М. J. 


Red shale. Feet 
Limestone conglomerate, in part edgewise conglomerate of slabby 
limestone and in part composed of pebbles of limestone with glassy 
quartz grains. bx 
„8 Шсеопв banded limestone. к UN Е | . 102 
Red and gray shale. | 2 


Thin-bedded limestone (1-inch beds) rhythmically banded with shale. 104 
Limestone conglomerate. of pebbles of banded limestone and lime- 


stone containing glassy Hurts grains. E. T 5 
Concealed. ? 
Thin-bedded red shale, hard green shale with thin fine-grained sand- , 

stones, and green spotted shale. ? 
Dark gray shale and a sandstone (contains graptolites ‘of Nor- 

manskill age). Е ? 


' Weller“ collected каа these lower beds 14 ен of 4 different 


‚ genera of Normanskill grdptolites. ~ 


з: Reritan folio, U. 8. Geol. Surv. Geol: Atlas No. 191, 1914. 
s Weller, Stuart; idem, р. 58. Y 
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‘This is a more representative Normanskill fauna of the Taconic 
sequence than the sparse fauna collected at Branchville. 
‘The shale in the Jutland area is shown on the Raritan geo- 


" logic map as faulted’ on its north side but not on its east side, 


where a narrow band of Jacksonburg limestone is mapped 


. between the shale and the older limestone. . In the text of the 


folio report and in a report® by Weller on all the known Jack- 
sonburg limestone areas in the State, this area of Jacksonburg 


is not mentioned, and no ,such fossiliferous limestone was . 


observed by the writer at this contact. It therefore may be a 
fault contact. "The shale in the Jutland area closely resembles 
in lithologic character and faunal content the shales in the main 
shale belt in Pennsylvania between Susquehanna and Lehigh 
Rivers which have been tentatively classed as the “Taconic. 


sequence." The shales in all three detached areas just : | 


described. south of the Jersey Highlands, therefore, are prob- 
ably in fault contact with the Paleozoic limestones and are small 


'klippen of the “Taconic sequence? resting on older limestones, 
PP eq 8 


ргезегуе4 in а down-fold on the south side of the.Highlands 
adjacent to, the down-faulted ‘Triassic sedimentary rocks. In 
eastern Pennsylvania 215 milés east of Doylestown,” a small 


. area of shale in an uplifted fault block within the belt of 


Triassic rocks contains red shale, green blocky cherty shale, | 
and hard sandstone, and was -called Cocalico phyllite in the 


. report because of its somewhat lithologie similarity to the shale 


near Manheim. It is in fault relation to the adjacent Conoco- 
cheague limestone. From its lithology and location (Fig. 1) it 


‘may well be a small fault block of the “Taconic sequence” 


similar to the Jutland area. 

In the vicinity. of Manheim, а (Fig. 2) a large 
area and several smaller outlying areas of Ordovician’ shale Не 
on the Beekmantown limestone. These areas contain beds of 
purple and green зНа]е with associated hard sandstone, and be- 
cause of this unusual lithology and the added fact that the shale 
rests unconformably on Beekmantown limestone, it was named 
Cocalico?" instead of Martinsburg. A few graptolites collected 
from the shale were tentatively assigned by Ulrich to the Nor- 

*5 Weller, Stuart: idem. 

** Geology and mineral resources of the Quikitiowu анаан district, 
Pa.-N. J.: U. S. Geol. Surv. Bull. 828, p. 28 and pl. 1, 1981. 


эт Atlas, of Pennsylvania: Pa. Торой. and Geol. Surv. No. 178, New Hol-. 
land quadrangle, 1926; Мо. 168, Lancaster quadrangie, 1980. 
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manskill. ·. Fossiliferous limestone that lies between the shale 
and the underlying Beekmantown limestone was observed at two 
places. The fossils were pronounced by Ulrich to be of early ' 
. Trenton or Black River age. There is no evidence of a thrust 
fault at the borders of these shale areas, but for a short dis- 
tance along the south border, north of Mt. Joy, local normal 
faulting is indicated. The shale is not contorted or much dis- 
turbéd at its margin, and.appears from observed relations to 
lie in a syncline and to have been deposited in situ, unconform- 
ably on Beekmantown limestone and in part on thin fossilifer- 
ous argillaceous limestone of early Trenton age. The shale 
has some lithologic features that suggest the ""Taconic 
Sequence." The shales which suggest the “Taconic sequence,” 
however, are purple and not bright red. The purple and green 
shales and hard sandstone, if they were deposited in situ, lie 
near the base of the shale. In a previous paper the writer?? . 
regarded them as probably of volcanic’origin, related to the 
basaltic lava flow near the base of the shale at Jonestown, Pa., 
previously -described. The rocks containing that flow are in 
this paper included in the “Taconic sequence,” and it is possible 
that the shales-in the Manheim area also may be “Taconic” and 
rest in fault position on the older limestones. % 
' North of the belt of down-faulted Triassic rocks, six miles 
north of the area of Cocalico shale just described, an area of 
similar shale extends eastward from Schaefferstown to the 
southwest end of South Mountain. The shale is largely gray, 
but has at its, borders purple, red, and green shale and hard 
sandstone. It overlies Conococheague and Elbrook limestones. 
The shale is injected by quartz and makes high hills that rise 
sharply out of the surrounding limestone lowland. This area 
of shale is separated: from the area of Cocalico shale. near 
Manheim by the Triassic rocks which are only six miles wide 
at this point, and it is probable that the two areas of shale are 
connected beneath the Triassic rocks. Further field study is 
necessary to determine whether these Ene areas of Cocalico 
shale are part of the “Taconic sequence” or are Martinsburg 
shale. | 
Gray shales in & long narrow area in the limestone lowland 
west of Reading and in smaller areas southwest of that city 
are much crumpled and crushed and lie unconformably on Beek- 
38 Stose, George W.. and Jonas, Аппа I.: idem, рр. 522-524. 
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inantown, Conococheague, and Elbrook limestones. No red or 

purple shale was observed in these areas. The crumpling of ' 
. the’shales is. believed to have been caused by folding into tight ' 

|. Overturned synclines and the shales are believed to be Martins- - 
"Бата in the overridden block, unconformably deposited on the 

older limestones. The long, narrow shale band west of Read- 


ing extends nearly to the main shale belt at Wernensuilles and `, 


is probably а syncline offshoot of that area. 
In the Oley Valley, 6 miles east of Reading, soft' gray shale · 


' + and underlying cement rock of the Jacksonburg limestone, in 


gentle synclines, rest on Beekmantown limestone, and are'cer- · 
tainly Martinsburg shale. · А very small area of shale uncon- 
. formably overlies Conococheague limestone at Limeport,? 8 

' miles south of Allentown, Pa. It is also в Martinsburg. 


Relation to the Martic Overthrust.* 


` The writer has suggested in this paper that rocks of the 
Taconic sequence occur in the shale. belt of eastern. Pennsyl- 
vania and possibly in detached smaller areas to the southeast in 
Pennsylvania and New Jersey, and that these rocks lie in thrust 
‘position on typical Martinsbürg shale and older limestone. If 
' this шора is correct,. the argillaceous rocks of the 
“Taconic sequence” must have been deposited contemporane- 
ously with early Paleozoic argillaceous and carbonate facies of 
the Great Valley, but were laid down far to the southeast of- 
“their present position. In areas south of the Ordovician shale - 
in Pennsylvania, the carbonate facies with Lower Cambrian 
quartzite at the base overlies pre-Cambrian rocks which are 
exposed in several antichnes. The southeastern border of this , 
Paleozoic folded belt is the Martic overthrust, which lies south- 
east of Chester, Lancaster, York, and Hanover Valleys (Fig. 
1). The Martic overthrust block is overlapped on its south- ` 
east side by sediments of the Coastal Plain. : 

The Martic overthrust block contains a series of closely . 
folded. crystalline schists. Anticlines in the schist expose early 
pre-Cambrian Baltimore gneiss and overlying Setters quartzite 
and Cockeysville. marble. "The crystalline schists are an 
argillaceous series with quartzose beds and some beds of 
marble. They contain-also metabasalt and aporhyolite flows 


** Stose, George W., and Jonas, Anna I.: idem, рр. 518-520. 
* Anna J. Stose has contributed to this discussion. 
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and purple and: green БУНЕ in part of. tuffaceous origin. - In 
'lithologic character, therefore, the schists resemble the 
А “Taconic sequence,” but they are greatly metamorphosed and 
contain а larger proportion'of volcanic rocks. . The crystalline 
schists. have yielded no fossils and their age is not definitely 
known. In Pennsylvania they are overlain by the Peach Bot- 
"tom slate with Cardiff conglomerate at the base, but no fossils ' 
have been found in these rocks.. In Virginia the Arvonia slate 
with a quartzose conglomerate at the base overlies the Peters 
Creek formation of the crystalline schist series. The Arvonia 
slate, which is similar in lithology and stratigraphic relation 
Xo the Peach Bottom slate of Pennsylvania, contains fossils of 
Upper Ordovician age. -The crystalline schist series, therefore, 
is older than Upper Ordovician and may be of early Paleozoic 
age, as is the Taconic sequence. . 
У Оп their northwest border the crystalline schists ovéstie rocks 
‚ of the Great Valley ranging from Harpers phyllite and Vintage 
dolomite of Lower Cambrian age to Conestoga limestone in part 
of Ordovician age. "This contact is believed by the writer to be 
an overthrust, the evidence for which conclusion is summarized 
in a recent-report.*° West of the plunging end of the Mine 
Ridge anticline, which exposes Lower Cambrian quartzites and 
` underlying pre-Cambrian rocks, Ње overthrust rocks of the 
Martic block also are folded into an anticline with the over- 
ridden rocks. The major part of the folding, which ie of late 
Paleozoic age, therefore, is later than the" overthrust. The 
‘Conestoga lmestone, which contains fossils of Beekmantown 
age in the eastern part of Chester Valley, is, the youngest rock 
which is overridden by the Martic overthrust, so that the thrust | 
is post-Beekmantown. It may possibly фе of A АВ age, 


у or Taconic. 


Ina forthcoming report by. ihe writer and Anna J. Stose,** 
they suggest that the Wissahickon schist in Maryland and 
southern ‘Pennsylvania rests with overthrust relations on the 
Cockeysville marble and Setters quartzite exposed on the flanks - 
of anticlines of Baltimore gneiss, and that the Setters quartzite 
-and Cockeysville marble may be of Lower Cambrian age and 

*? Stose, Anna J. and Stose, George W.: 1944. U. 8. Geol. Surv. Prof. 
Paper, 71-78. 

“1 Stose, Anna J. and George W.: Geology of Frederick and Carroll 
жшн rane Ма. Geol. Surv. (In press.) A. 
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part of the Great Valley sequence which the crystalline ‘schists 
have overridden. If this interpretation is correct, the Martie ~ 
overthrust block is an allochthone which is buried on the south- 
east by the sediments of the Coastal Plain. · On the basis of the 
lithologic resemblance and the meager knowledge of the age of 
the crystalline schists and the Martic overthrust, it seems pos- 
sible that the schists may be the metamorphic equivalent of ~ 
the Taconic sequence, and that the Hamburg klippe and related 
smaller klippen in the.Great Valley may have originated in the 
Martic allochthone. 

The suggested Но of ший шй rocks of the 
“Taconic sequence” in the Hamburg klippe to metamorphosed 
schists of the Martic overthrust block’ is similar to that which 
has been suggested for the different parts of the overthrust ` 
Taconic sequence in western New England and eastern New 
York. The Taconic sequence in that area is believed* to- 
. have been deposited east of the Green Mountains contemporan- 

eously with early Paleozoic quartzite and carbonate facies 
now exposed on the west flanks of the Green Mountains. Dur- 
“ing the Taconic deformation the eastern argillaceous sequence 
was thrust westward and now lies on the carbonate sequence 
and associated Ordovician shales of the Great Valley. The 
- rocks in the western part of the klippe that lie largely in east- 
ern New York аге not metamorphosed, but those in the eastern 
part, in the Taconic Range, are mildly metamorphosed. In ' 
Mount Greylock and the Hoosac Range, farther to the east, the 
metamorphism is .greater. The Hoosac schist and Rowe 
chloritoid schist of ‘that area resemble the crystalline 
schists of the Martic overthrust block. The rocks of the 
Taconic overthrust block, as in those.of the Martic block, 
have been deformed by folding and thrust faulting and- this 
later deformation has confused the overthrust relations. The 
authors of the report on the Taconic quadrangle‘? were not in 
accord as to whether the Hoosac and Rowe schists rest with 
sedimentary contact on the pre-Cambrian rocks in the Hoosac 
Range or whether they originated farther to the east and 
` attained their present ‘position by: overthrusting. Саду“ 


t Prindle, L. М. and Knopf, E. B.: 1982. Geology of the Taconic 
quadrangle: Amer. Jour. Scr, (5), 24, p. 297. 

.^ Prindle, Г. М. and Knopf, Е. B.: idem, р. 292. 
Саду, Wallace M.: 1945. Stratigraphy and structure of west-central 
‘Vermont: Geol. Soc, Amer. Bull., 56, 567-569, and Fig. 5. 
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believes that “the Taconic allochthone must’have been trans- 
ported from the southeast [that is, southeast of the Green 
Mountain axis] анон а root zone has not been established 
there.” 


Conclusions. 


The name Martinsburg shale should be restricted to shales 
and sandstones lithologically similar to and having the same 
age limits as those in the type locality in the Massanutten syn- 
cline in West Virginia and in-adjacent parts of Virginia, Mary- · 
land, and Pennsylvania.’ In eastern Pennsylvania the shales 
that are believed to be typical Martinsburg include a thick 
series of uniformly soft, gray argillaceous shale which contains 
a fauna of middle Eden age, some beds of which have been 
altered to a commercial slate, overlain by sandy shale and sand- 
stone which contains a Pulaski fauna. The Martinsburg shale 
normally lies on the Chambersburg or equivalent Jacksonburg 
limestone, but on the southeast border of the basin, south of 
Harrisburg ‘and eastward to Reading and Allentown, typical 
Martinsburg shale unconformably overlaps the Beekmantown 
and in places rests on the Conococheague and ЕЊтоок lime- 
stones. 

The. main shale belt i in eastern бишей contains rocks 
which are lithologically and faunally different from those of 
the typical Martinsburg and have different age limits. Their 
fossils show that they range from Beekmantown to Trenton. 
They may contain beds older than Beekmantown. The name 
Martinsburg shale should not be applied to these rocks and the 
' mappable units should receive other names. These distinctive 
rocks resemble in many respects the Taconic sequence of east- 
ern New York and western New England. In places they are’ 
known to be in fault relations to: the &djacent Martinsburg 

` shale and underlying limestones, and were evidently deposited 
'. in a different basin, or distant part-of the same basin, from 
that in which the Martinsburg was.laid down. 

The writer suggests, therefore, that the shale sequence pres- 
ent east of Susquehanna River, which is unlike the typical Mar- 
tinsburg shale, belongs to the “Taconic sequence” and overlies 
with fault relations the Martinsburg shale and underlying lime- 
stones. The thrust block of the “Taconic sequence," called; 
the Hamburg klippe and other smaller rested klippen, . arei 
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part of an жаса. sequence which has been, ‘thrdst north- 
west over the, carbonate sequence of the Great Valley during. 
Taconic orogeny. The north border of the Hamburg klippe 
has been in part covered by deposition of Lower Silurian sedi- 
mentary rocks. The writer süggests also that the ‘crystalline 
schists of the Martic overthrust block may be the metamorphic ' 


__- equivalent of the “Taconic séquence,” and that the Hamburg 


klippe and smaller klippen are erosional remnants of the 
unmetamorphosed part of the Martic overthrust block. 


"WASHINGTON, D. C. 
* \ 


| USE OF ROCK “NORMS” IN GEOPHYSICAL 
‘INVESTIGATIONS. 


REGINALD A. DALY. 


‘ABSTRACT. From the norm derived from a good chemical analysis of 
an igneous rock the density and cubic compressibility of that rock, if 
holocrystalline, pore-free, and at room temperature, can be closely calcu- 
lated, апа that through а wide range of pressures. This “norm” method, 
available also in the case of materials originally represented by well- 
analyzed rock-glasses and vesicular lavas, has been used to give: (1) 
the density and compressibility of а Pre-Cambrian basement complex, illus- 
trated by Sederholm's average analysis of all the exposed rocks of Finland; 
and (2) similar data regarding the materials corresponding to world- 
average analyses of 18 principal eruptive types. The results of the com- 
putations are recorded in tables, which, it is hoped, may give the geophysi- 
cist а basis on which to found deductions regarding the nature of the outer 
earth-shells. It is pointed out that his chief difficulty in using the tables 
is the existing inadequacy of experimental evidence concerning the coeffi- 
cients of thermal expansion for rocks at high pressures. 


PURPOSE OF THE INQUIRY. 


НЕ velocities of the seismic waves are being used to deduce 

the lithological character of the earth-shells as now con- 
stituted. In making that effort it is necessary to know for 
each depth the velocity of the longitudinal wave (V,), the 
` velocity of the transverse wave (V,), the implied value of Pois- 
son's ratio (c), and also both the density (р) and the “true” 
cubic compressibility (8) of the material. Poisson’s ratio, 
generally ranging Between 0.2 and 0.8, is got from the CEU 


' equation: 
( V, y _ 20-2. 
me Vg: ous or 


V, equals а quantity A divided by the square root of the prod- 
uct В хр. `А is determined by the value of v. For selected 
values of о and V,/V,, those of A are given in the sécond column 
of Table 1, according to computations kindly made for the 
writer by Prof. Francis Birch. ds the Harvard geophysical 
laboratory. 

'The rock material that best fits У, at а given level in the 
earth is, then, one that would have the proper density and com- 
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"Тавія 1 .—Giving the Factor A in Relation to Poisson’s Ratio. - 





с А У»/У. 
207 | 14145. 1.084 
21 ` 1400 |o 1,651 
22 1.885 1.669 
2B 1870 . 1.689 
24 1.856 1.710 
25 1842 - 1.782 
26 '1827 1.756 
2 1818 1.782 

' 28 1.299 1.809 
29. 1.285 1.889 
80 та. 1871 





pressibility at the pressure and temperature there ruling. For 
each rock type the density. can be rather closely. estimated. 
‘The chief difficulty fading the diagnostician is to arrive at a 
‘good value for the compressibility. It is to be hoped that in 
the future direct measurements of compressibility of each 
important rock type, when subjected to high pressure and 
high temperature simultaneously сап’ фе made. · Meantime 
thought can be guided by comparing the available results of 
measurement at room temperature, even though so little is 
'. known about the quantitative effect of high temperature on the 
elastic properties of rocks and rock minerals. The present 

` paper describes a promising way of rapidly i increasing the low- ` 
temperature data concerning individual specimens. The new . 
method is also available for finding the ‘high-pressure, low- 
‘temperature compresswbilities of holocrystalline materials 
represented by: (a) the average chemical compositions of the 
‘voluminous rock species occurring in the earth’s crust; and 

(b) analyses of- obsidiana, tachylites, and lavas in general. 

‘This new method was suggested to the writer from the 
announcement of Adams and Williamson (1923, p. 517), that 
the compressibility of & holocrystalline rock at high pressure 
can ‘be closely calculated from Ње ‘known volumes: and. com- 
pressibilities of. the constituent minerals. Such “mode” com- 
pressibilities were computed by them for three gramites, two 
diabases, and one gabbro. Later Adams and Gibson (1929, p.. 

` 720) added two other diabases to the list. At 10,000 bars.the 
ratio of measured compressibility to:mode compressibility was, 
in average for the eight specimens, 1.000. to.0.985—the ratio 
for. the granites plone: rs 1. to 1. With analogous com- 
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paan for the same eight specimens the present жиш has 
come to ‘the conclusion that “norm”? or “standard” minerals 
. can be used, the errors being in general smaller than those 
incurred when the mode method is employed. Incidentally, 
with each determination of compressibility the “norm density” 
of the corresponding holocrystalline, pore-free, and water-free 
rock type, has been calculated. In each case the шаш! of 
error is believed to be small. 

Thanks are due to Professor Birch, for helpful, critical read- 
ing of this paper when in manuscript form. 


THE NORM METHOD. 


First, some details regarding the method- itself are in order. 
Only “superior” analyses, singly or in groups, are employed. 
From many of them certain minor constituents are omitted, as 
of negligible influence on the values of either compressibility 
or density. Water is also omitted, because.of general doubt as 
to how miuch of it is native to. any given material. The 
- omission seems justified when the aim lis merely to compare the 
essential characteristics of the different rock types with those 
expected in the case of an assumed material composing а par- 
ticular earth-shel. After all the omissions each analysis is 
reduced to 100.00. ‘Then the norm is éomputed and it also is’ 
reduced to 100.00. Room temperature (20°) is assumed. 
The adopted compressibilities of eight out of the fourteen norm 
(standard) minerals at 20° and at 1 bar, 2000 bars, 10,000 
bars, 20,000 bars, and 30,000 bars are those directly measured | 
by Г. H. Adams and colleagues (1928, 1927), or else have been 
extrapolated from the pressure-compressibility curves derived 
from their experiments. ‘The values given for albite and anor- 
thite have been estimated from thé results accruing from their 
experiments on. plagioclases of intermediate composition. 
Their maximum pressure ranged from 7840 to 12,000 bars. 
Extrapolation to 80,000 .bars is evidently bold, but Prof. 
P.'W. Bridgman's recent direct measurements on-some of the 
_ mineral species concerned, exposed to. pressures up to about 
50,000 bars, seem to show that the extrapolations described 
&re not with errors too great to invalidate the new method. 
Special weight is'also given to (unpublished) direct measure- 
ments for orthoclase (sanidine), diopside, hypersthene, and : 
` „olivine. by Professor Bridgman, whose new apparatus gave 
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highly trustworthy compressibilities for 
. 10,000, 20,000, and 80,000 bars. In al 
writer has attempted to make smooth pre 
` curves combining the Bridgman values w 
* been reported—to 12,000 bars—by Ada: 
The compressibilities of nepheline, ch 
` apparently not measured at any pressure, 
in the light of analogies. ‘These guesset 
considerably in error, but, because of the 
each of the three compounds in the mater 
the errors in the calculated compressibiliti 
be small. - 

Table-2 gives specific volume and В 
different pressures. The “Betas” repres 
sibilities, each being the per-bar change of 
pressure. To get those values small cha 

_in the compressibilities originally issued 

' leagues, which were referred to volume a 
the values coming from Bridgman, who 1 
ume at 1 bar.* | 


Tante 2.—Specific Volumes (S. У.) and’ “1 
(Beta) of Norm Minerals at 20° and at 











* Rough estimate of value. 


* By inadvertence the compressibilities given in 
‚ "Ignéous Rocks and the Depths of the Earth” 
“true”; they. are really the one-bar changes of : 
volume at 2000 bars. The errors involved аге £ 
the margin of experimental uncertainty about : 
particular compressibility. 
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р noting specific results won by the norm method, the 
validity of the method itself will be tested. 

Adams and Williamson (1928) and Adams and Gibson 
(1928) have carefully measured the compressibilities of 3 
granites, 4 diabases, and a gabbro at 20° and at 2000 bars and 
10,000 bars. For all of them the norm compressibilities have 
been computed and recorded in Table 8. At 2000 bars the . 
measured values are, in average, 10 per cent higher than the 
norm values. At 10,000 bars the corresponding excess is only 
about 2 per cent. Аз already remarked, the average “mode” 


TABLE 8.—Comparison of Norm and Measured Compressibilities 
(x 109) at Two Pressures, Room Temperature. 


’ Pressure ` 2000 bars 10,000 bars 
Norm Measured Norm Measured 
Westerly granite* 178 1.99 1.86 1.87 
Washington granite 1.85 2.27 1.65 1.76 
Stone Mountain granite* 2.05 1.96 1.78 1.81 
New Glasgow gabbro 1.12 1.20 1.06 1.15 
Palisades diabase* 1.33 154 | 128 1.80 
Sudb diabase 1.87 1.87 1.21 1.25 
Whin Sill diabase* 1.40 1.70 1.28 1.26 
Maryland diabase . 125 1.28 1.17 1.07 
Average of 8 151 1.66 140 148 
Average, 8 granites 1.88 2.07 176 181 
Average, 4 diabases 184 1.46 122 122 


. * Rough estimate of value. 

compressibility of the 8 rocks at 10,000 bars was found. to be 
8.5 per cent less than the average measured compressibility. 
The positive sign of the difference in the first comparison is 
reasonably. referred to the incomplete closure of empty spaces 
in the rocks, other than the “realized” cleavages of the con- 
'stituent minerals. On the other hand, the fact that the mode 
compressibility averages 8.5 per cent less than the measured 
- compressibility is probably due to errors in estimating the pro- 
portions of minerals actually present in the rocks. Such esti- 
mates are notoriously hard to make with great accuracy. It 
thus appears that in the calculation of compressibility of а 
crystalline rock it is better to use the norm rather than the 
mode. 

If the two-per cent excess of the measured compressibility at 
10,000 bars could be proved real and not caused by errors of 
measurement or computation, one might well suppose that even 
at 10,000 bars the original pores of a rock at 20° are not 
entirely closed during the limited time of a compressive test in 
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the laboratory. That possibility becomes less incredible when 

one remembers the increase of rock strength when exposed to 

high all-sided pressure, and also allows for the slowness of 

“annealing” or plastic flow at room temperature. Such flow, 

with complete closure of pores, might, however, be expected in. 
the case of a crystalline rock exposed for millions of years to 

the temperature and pressure characterizing any depth in the 

earth exceeding five or ten kilometers. It seems even possible 

that the cleavages of the mineral components in rocks that. 
crystallized'at such depth would be merely potential and not 

"realized." 

If there is reason to suspect that a deep-seated rock carries 
enough alumina and other constituents necessary for the 
crystallization of garnet, then this mineral should, if possible, 

“be properly proportioned and entered in the list of norm min- 
erals. The difficulty of fixing the mineral composition of any 
earth-shell assumed to be rich in garnet, such as the commonly- 
suggested eclogitic, is apparent. For a layer of that kind the 
norm method, based on the.“standard” minerals of Table 1, 
might lead to gross diagnostic error. Eclogite is а theoreti- 
cally possible phase of the “gabbroic” sublayer of the earth's 
crust, but garnet does mot appear as an essential constituent 
of any large mass of visible igneous rock and seems to be prac- 
tically absent in stony meteorites. It is therefore probable. 
that the material to which the norm method cannot be applied 
represents mo more than a small fraction of the whole silicate 
mantle surrounding the “iron core” of our planet. 

Needless to say, the worth of the norm method can be finally 
tested only after many more individual specimens of rocks and 
rock minerals have been actually measured at high pressures. , 
Moreover, it is best regarded as a supplementary, rather than 
a replacing, method, and specially useful in cases where the 
fundamental and. more direct means of finding V E 

. cannot be employed. 


ROCK TYPES OF CONCERN TO THE GEOPHYSICIST. 
. Norms.—Because of ‘considerable variation in the chemical 
composition characterizing any of the standard species of 
eruptive rocks, it is hard to choose any one analysis as typical. 
In making comparisons with intent to identify the material of 
‚ any of the invisible earth-shells it seems to the writer wise to 
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use world averages for each rock type. Such averages, repre- 
senting what may be called “collective opinion” on this subject 
of typical composition, were struck thirteen years ago (Daly, 
1988, р. 9) but are believed not subject to important changes 
if the analyses published since 1988 were included. From the 
averages actually computed the respective norms have been 
calculated and entered in Tables 4, 5, апа 6. 


Tasis 4.—Norms of Average Analyses. 
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100.00 100.00 100.00 100.00 100.00 100.00 100.00 


Denstties—In 1985 the writer (Daly, 1985, p. 659) com- 
puted the one-bar densities of some of the world types from their 
norms, using а convention not justified by theory but yet giving 
highly satisfactory results. On the present occasion the norm 
method is again used, but the densities are now found by taking 
the reciprocal of each total specific volume, а quantity deter- 
mined on the way to calculating the compressibility. The 
results obtained with this theoretically more justified method 
are given for five different pressures in 'l'able 7. It should be 


Taste 7.—Norm Densities of Rocks and Meteorites, Calculated 
From World-Average Analyses (Materials Holocrystalline, 
Anhydrous, and Pore-Free). 20° С. | 











Averages from: | Densities at: 

2000 10,000 | 20,000 80,000 

1 bar bars bars bars bars 

546 granites 2.690 2.708 2.145 
40 granodiorites 2.185 2.747 2.787 ir 
55 quartz diorites 2187 2.801 2.889 2.888 
70 diorites 2.882 2.857 2.898 2.989 duds 
50 fresh gabbros 2.968 2.974 8.005 8.040 8.070 
90 diabases 2.976 2.984 8.014 ‚8.050 8.083 


80 plateau basalts 
(Washington analyses) 8.065 Pos , 8.100 8.181 8.160 
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| Averages from: | Densities at: 











| 2000 10,000 20,000 80,000 
| Ibar bars ba-s bars bars 
28 Hawaiian basalts 8.056 NO 8.035 8.180 8.152 
10 oceanites 8.164 В 8.258 8.285 8.265 
12 anorthosites 2.782 2.761 2.735 2.880 ть 
5 bronzitites 8.285 ee 8.820 8.850 8.875 
12 websterites 8.282 Ber 8817 8.B47 8.872 
10 dunites 8.870 UN 8.400 8.425 8.445 
8 harzburgites 8.850 $n 8.880 8.405 8.425 
18 lherzolites 8.260 Vv s 8.295 8.820 8.342 
5 wehrlites 8250 | ..... 8.285 8.811 8.888 
20 achondritie meteorites ` | 
(iron-free) 8.250 Sene 8.285 8.810 8.881 
68 stony meteorites 
(iron-free) 8.885 ES 8.865 8.890 8.410 
Surface rocks of all 
Finland (Sederholm 








average analysis) 2717 2.780 2150 ` 





noted that, when this second method is tested in cases of indi- 
vidual rocks for which good analyses and density measurements 
are available, the method makes each density about 1 per cent 
too low. However, since the great majority of the published 
analyses are, unfortunately, not accompanied with statements 
of the corresponding specific gravities, thoroughly adequate 
comparison between norm and measured densities is not now 
possible. It is truly remarkable that many petrologists, 
necessarily occupied with the role of density differences in 
magmatic differentiation, have sinned in tkis respect. Here 
there is room for reform! 


Compressibilities.— he compressibilities calculated from the 
norms are stated in Table 8, here also for five pressures. The 
values, rounded’ to the second decimal place, must contain 
errors, but these are believed in no case to be large. Their 
smallness is suggested by comparison of the compressibilities 
found for the four well-studied and comparatively pore-poor 
diabases named in Table 8. The average norm compressibility 
of these at 10,000 bars is 1.226: 10 ^? (nearly identical with 
the average measured compressibility at the same pressure), 
while the average norm compressibility of the 90 diabases of 
Table 8 is 1.25710 8. The difference, 0.С81Х 1079, is not 
great and it has the sign expected in view of the fact that the 
norm density of the four diabases is, in average, 8.086 and thus 
implying a mean compressibility somewhat lower than that of 
the 90 diabases with their average norm density of 3.014. 
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Тлвт 8.—'True" Norm Compressibilities of World-Average Rock 
Types Шоу ане and at 20°C.) x 108. 


At 2000 | At 10,000 | At 20,000 | At 80,000 
Atl bar . bars bars bars bars 

















Averages from: 
546 granites 
40 granodiorites 187. 
uartz diorites 1.76 

70 diorites, excluding 

quartz diorites 1.61 ° T 
50 fresh gabbros  . 1.81 1.04 
x diabases 1.89 1.07 

ateau basalts 4 

во Washington 

analyses) 1.29 1.04 
28 Hawallan basalts ` . 

(Washington . 

analyses) .1.82 1.02 
10 oceanites LI 92 
12 anorthosites 1.88 5 TE 
5 bronzitites 1.08: 98 87 

’ 12 websterites 1.08 98° 87 

10 dunites . 89 - 82 80 
8 harzburgites 1.00 89 85 
18 lherzolites 1.01 90 86" 
5 wehrlites . 1 96 90 
20 achondritic : 

meteorites 1.10 .95. 89 
68 stony meteorites 1.09 95 89° 


Surface rocks of all 
Finland (Sederholm 
` average analysis) 


APPLICATION OF THE RESULTS. “а 

Densities and compressibilities of Tables 7 and 8 have been 
computed after making several assumptions: that the various 
rocks listed are (1) free from pores other than those герге- 
sented by the “realized” cleavages of the minerals named in 
Table 1; (2) freed from water;-and.(8) at room temperature. 
As already observed, empty cavities are not likely to persist 
at depths in the earth exceeding a few kilometers, where pres- 
sure, temperature, introduction of salts, and lapse of time 
codperate in closure. The first assumption should, therefore, 
not give mental trouble to the seismologist who tries to match 
earth-shells with known types of rock. How far the neglect of 
water-content involves errors in deduction of both density and 
compressibility cannot be clear until new, special experiments 
on the problem are made in the high-pressure laboratory. 
However, it is rather obvious that allowance for one per cent 
of water would not essentially change the norm-derived velues 


' of Tables 7 and 8. “ 
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Much more serious is the difficult question as to the amount 
of correction demanded when allowance is made for simultan- · 
eously-acting high temperature and high pressure. In the 
case of density what is virtually needed is а long series of new 
experiments on the thermal expansion of standard rocks at 
great,ranges of both pressure and temoerature. Equally 
elusive is choice of the proper temperature coefficients of com- 
pressibility at higher and higher temperatures and pressures. 

‚ Birch and Bancroft (1988, р. 88; 1940, p. 760; 1942, p. 464 

and 487; see also Birch, 1948, p. 279) have proved that at 
low pressure those coefficients, whether for rigidity or com- 
pressibility, rise rapidly as the temperature increases, the total 
effect at 1200? or higher being relatively enormous. On the 
other hand, a few of their experiments (1940, p. 760) have 
shown that the temperature effect grows decidedly less as the 
pressure rises considerably. Bridgman (1913, p. 1, and 1942, 
p. 899), carrying pressures up to 10,000 kg/cm? and later to 
50,000 kg/cm?, at temperatures rising. to maximum of 175°, 
measured the volume changes of many liquids and of their 
pressure-crystallized equivalents. From his results the present 
writer computed the corresponding changes in the temperature 
coefficients, and found them to diminish rapidly as the pressure 
rose above 5000 bars. Using this principie, the attempt was 
made to estimate the compressibilities of various peridotites, 
supposed to be holocrystaline, at the temperature of 1500? : 
-and pressure of 80,000 bars. The estimates will be described 
fn a current number of the Bulletin of the Geological Society 
of America, One purpose of that publication is to emphasize 
the urgent need of additional measurements of the temperature 
coefficients of the standard rocks when exdosed to conditions 
like those ruling well below the surface of the earth. If and 
when such data are in hand, it should be possible to use the 
coefficients, along with the norm compresstbilities of Table 8 
in'the problem of estimating the compositions of the outer 
earth-shells. ` 

The paper-in-press above сой to describes steps taken 
to.arrive at reasonable estimates of the densities and compres- 
sibilities of some rock types when heated to the vitreous state 
at pressures ranging from 1 bar to 80,000 bars.. The norm 
density and norm compressibility of each rock at 20° and 1 
bar were made the basis for extrapolation, with intent to can- : 
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vass the possibility of magmatic material at the depth df 100 
kilometers fin the earth. Perhaps, too, the double use of the 
. rock norms may have value in supplementing direct experi- 
mentation bearing on the conditions for gravitative crystal- 
fractionation of magmas and for magmatic stoping, and also 
bearing on the question whether a continuous or discontinuous 
substratum of vitreous basalt now underlies the crust of the 
earth. Even more fundamental with respect to the main thesis 
of this paper would be experüments able to declare how far 
the norm method may have to be modified to allow for actual 
polymorphic changes in minerals exposed to the high pressures 
at great depth. 

The hypothesis that the earth as a whole has the chemical 
composition of the average meteorite is promising enough to 
warrant the systematic testing of compressibility and density 
that belong to different types of meteorites at both high pres- 
sure and high temperature. Special laboratory study may yet 
discover why eclogite or other garnet-bearing material does 
not appear among the achondritic and chondritic stones of 
museum collections. 

Finally, it may be sed that in any case general use of the 
norm compressibilities for diagnostic purposes is justified only 
if that method is found to suggest for each earth-sheM a type 
of rock that would give the seismically-effective rigidity deter- 
mined by the velocity of the transverse wave running in that 
shell. Ide (1986), and Birch and Bancroft (1938), have 
developed an elegant and accurate technique for measuring the 
rigidity at high pressure and temperature, and it is to be hoped 
that many more experiments of the kind will be made, thus 
giving & most valuable check on the compressibility method of 
diagnosis. 
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POSTGLACIAL FOREST SUCCESSION. AND 
CLIMATE IN THE OREGON CASCADES.’ 


HENRY P. HANSEN. 


ABSTRACT. The postglacial chronology of pollen profiles from sedi- 
mentary columns in the southern Oregon Cascades is revealed by the 
record of postglacial volcanic activity. The postglacial eruptions are 
defined by relationship of volcanic ejecta to moraines, glacial striae, and 
other glacial evidence, and by the occurrence of volcanic glass horizons 
interbedded in organic sediments or underlying sediments. The moat wide- 
spread evidence for postglacial volcanic activity ig that of the eruption of 
Mount Mazama, which formed the caldera holding Crater Lake. Its 
stratigraphic position in relation to the recorded postglacial vegetational 
succession, the evidence of the fluctuation of lakes in the Great Basin, 
and its relation to the evidence of early man in south central Oregon sug- 
gest that the eruption cecurred between 10,000 and 8,000 years ago. 
Other postglacial volcanic activity is recorded by volcanic glass strata 
in both organic and inorganic sediments. The recorded vegetational suc- 
cession supports the evidence offered in 60 other pollen-bearing sedimentary 
columns throughout the Pacific Northwest for the occurrence of a warm, 
dry period between 8,000 and 4,000 years ago. The correlation of this dry 
period with other chronological data in the Расте Northwest, the Great 
Basin, eastern North America, and northern Europe, further supports 
the evidence for a warm, dry, postglacial climatic maximum over much of 
the north temperate zone. 


INTRODUCTION, 


a 


NE of the most striking features of the central Oregon Cas- 
cades is the evidence of recent volcanic activity оп an 
extensive scale. The vast expanses of pumice, the lava flows, 
obsidian cliffs, pillow lavas, and blocks of volcanic ejecta, as 
yet only slightly weathered and eroded, almost cause one to 
expect to see smoke pouring from a nearby crater in its final 
stages of e ion. Some of the volcanic activity responsible 
for these widely scattered ejecta occurred since the maximum 
of the last Wisconsin glaciation, and some even during the past 
few centuries (Williams, 1942, 1944). The record of this a 
volcanic activity and Pleistocene glaciation has provided two 
important time markers for postglacial history of vegetation - 
and climate in the Oregon Cascades, and in fact, for the entire 
Pacific Northwest. The pollen-bearing sediments and their 
interred record of postglacial forest succession offer a means 
1 Published with the approval of the Monograph Publication Committee, 


Oregon State College, as Research Paper No. 108, School of Science, 
Department of Botany. 
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of dating relatively a few of the а volcanic eruptions 
in the area. "These local chronological data correlated with 
those from other areas have enabled the establishment of a rela- 
tive and general chronology for climate, vegetation, and early 
man in the Pacific Northwest. Further study and correlation 
of the available evidencé will probably strengthen this tenta- 
tive chronology and permit the division of postglacial time into 
a greater number of units. 

The most widespread: and most obvious evidence for post- 
glacial volcanic activity is that .of the eruption of Mount 
Mazama, which formed the caldera holding Crater Lake in 
southern Oregon. This great eruption spread a mantle of 
pumice six inches or more deep over an area of about 5,000 
square miles to the north and east of Crater Lake (Fig. 1). 
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Fig. 1. Map showing the distribution of Mount Mazama pumice. (after 
Williams). : 
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Fig. 2. Map of Oregon showing location of five bogs of this study. 
The area represented by Fig. 1 is indicated by the superimposed rectangle. 
The prevailing winds during the eruption were from the south 
and west as indicated by the almost complete absence of air- 
borne pumice on the south and west slopes of Crater Lake 
Mountain, even near the rim of the crater (Williams, 1942). 
Fine dust was undoubtedly dispersed for many hundreds of 
miles and probably encircled the globe. South and west of 
Crater Lake the pumice is confined largely to the valleys and 
canyons, having been deposited by: glowing avalanches of 
pumice which flowed down the valleys for considerable distances. 
In the Rogue River canyon it flowed down valley for at least . 
18 miles, while to the northeast it flowed across Diamond Lake ' 
basin into the upper reaches of the North Umpqua. River valley. 

The deposition of the air-borne pumice must have had a 
devastating effect upon the forests in the region. The forests 
on the slopes of Mount Mazama were burned and buried by the 
pumice flows which were many tens of feet thick, as is shown 
by the abundance of charred logs. Beyond the limits of the 
pumice flows the pumice fall probably killed the trees, especially : 
in the region of greatest depth, first by burying entirely the 
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seedlings and saplings, and then by the м deleterious 
effects of the radically altered edaphic conditions. Aside from 
destroying the forests at the time of the eruption, the sterile 
pumice comprised largely of glass, has had a marked control 
upon the forest succession ever since. This vast pumice-covered 
area is today forested with species that have been able to per- 
sist only because of the absence of ОЕ НОВ ‘by species of 
the normal climatic climax. 

There has been considerable postglacial volcanic activity in 
the Three Sisters region of the central Oregon Cascades also 
(Williams, 1944). Some of the mountains which were centers 
of. this volcanic activity rose during the Pleistocene and have 
continued to be active in the Postglacial. Others are of post- 
glacial origin and have erupted within the past several cen- 
turies. Most of these postglacial eruptions have been of the 
effusive type, resulting in lava flows of various kinds. A few 
volcanoes, including Tumalo Mountain and Devil's Hill, ejected 
pumice. Pumice from one or both of these sources either under- 
lies or occurs as an interbedded layer in two organic sediment-. 
агу columns reported herein. Its stratigraphic position in 
relation to that of Mount Mazama indicates that these erup- 
tions occurred after the climactic eruption of Mount Mazama. 
Another major postglacial eruption was that of Newberry 
Crater, located east of the main Cascade Range about 25 miles 
south-southeast of Bend (Williams, 1985). The dispersal of 
pumice from this volcano, like that of Mount Mazama, was 
also largely to the north and east. The stratigraphic position 
of Newberry pumice above that of Mount Mazama in post- 
glacial sediments in the Summer Lake basin of south central ` 
Oregon indicates the relative times of these two eruptions 
(Alison, 1945). Newberry Crater pumice has not been noted 
in any peat sections so far. 

Pleistocene mountain glaciation has left its record in the 
Oregon Cascades, although little work has been done on this 
problem. Thayer (1989) found three glacial stages which he 
named the Mill City, Detroit, and Tunnel Creek stages, and 
tentatively correlated with the Sherwin, Tahoe, and Tioga 
stages of the Sierra Nevada respectively (Blackwelder, 1931). 


LOCATION AND CHARACTERISTICS OF THE BOGS. 


This study i is concerned primarily with the pollen analysis of 
sedimentary columns from five bogs located in the Oregon Cas- 


Ам. Jove. Scr-—Vor. 244, Мо. 10, Остовев, 1946. 
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cades. The interpreted forest succession, climate, and chron- | 
- ology, · however, will be correlated with those from five other ' 
peat sections in the same region, that have been described in 
previous papers (Hansen, 1942, 1942a). These ten bogs are 
located in five different areas with respect to the occurrence 
and distribution of pumice. Two of the bogs of this study are | 
located on the margins of Clear and Clackamas lakes respec- 
tively, in the northern Oregon Cascades, beyond the limits of 
discernible. pumice from Mount Mazama. Clackamas Lake, 
the more southerly of the two, lies about 165 miles north of 
Crater Lake and about 70 miles north of the six-inch pumice 
zone in the vicinity of Bend (Fig. 2). Clear Lake is located 


: about six miles north of Clackamas Lake. The thickness of the 


‘Clear Lake section is 2.4 meters. and that of Clackamas Lake . 
‚1з 2.0 meters, although only 1.7 meters are pollen-bearing. 
Neither & layer of pumice nor scattered fragments of volcanic 
glass were noted in the sections. The elevation of Clear Lake 
is about 8,500 feet, while Clackamas Lake lies at an altitude 
of about 8,800 feet. The former is bordered by a sedge bog 
and the latter by a sphagnum bog with several typical bog 
plants present. Both bogs lie within areas covered by moun- 
tain glaciers and may be considered to have had a postglacial 
origin. They are located in the Camadian life zone (Bailey, 
1986). ' 

' The two other bogs of this study lie on Mount Маза pum- 
‚1се in tributaty valleys of the Upper Rogue River southwest 
of Crater Lake (Fig. 1), where the pumice is largely confined 
.to the valley floors. One is located on the floodplain of Lost 
Creek, a short tributary that empties into the Rogue River 
about ten miles west of Crater Lake. It will hereafter be 
referred to as the Rogue River section. The bog lies at an ele- | 
vation of about 4,000 feet and is covered with sedges and sedge- 
like plants. ‘The thickness of the sediments in the area of 
sampling is 4.0 meters. The pollen-bearing section is under- 
lain with coarse pumice which grades upward into a fine, sandy 
pumice, and then into fibrous peat. The other bog in this area 
is located near Prospect, about 17 miles southwest of: Crater 
Lake on the flood-plain of Red Blanket Creek which empties 
into the Middle Fork of the Rogue River. The peat deposit 
lies at an elevation of about 2,500 feet. The bog surface is 
covered with alder and willow due to lowering of the water, 
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table by artificial drains: The thickness of the sediments 
in the area of sampling is 3.2 meters, and examinations of the 
peat reveals that the bog has existed in the sedge stage through- 
out most of its existence. Both of the Rogue River bogs lie 
in the dryer part of the Humid Transition life zone. 

A fifth section was obtained from a broad delta area at the 
south end of Diamond Lake where a short stream empties into 
the lake. The site of these sediments is located about 14 miles 
north of Crater Lake at an elevation of about 5,000 feet. The 
peat is only 0.5 meter thick and rests проп coarse pebble pum- 
ice, and the section contains a high fraction of fine pumice 
throughout. It is situated in the Canadian life zone. 

Two of the other five bogs located in the Oregon Cascades | 
: and discussed in previous papers also rest directly upon Mount 
Mazama pumice. One of these is located in Munson Valley a 
few miles south and below the rim of Crater Lake, while the 
other is at Big Marsh about 80 miles due north of Crater Lake 
(Fig. 1). Two others are located on glacial drift or its chrono- 
logical equivalent. One of these located near the Willamette 
Highway just west of the Cascade Drive and 50 miles north 
of Crater Lake is 2.76 meters deep with а layer of Mount 
Mazama pumice'at 2.5 meters. ‘The second has been formed at 
Tumalo Lake in a glaciated valley about 18 miles west of Bend. 
It is about seven meters deep and contains two interbedded 
strata of pumice. The lower layer at 4.5 meters is from Mount 
Mazama and the upper layer at 2.0 meters may be from Devil's 
Hill in the "Three Sisters region, which was postglacially active 
(Williams, 1944). In a previous paper the author (Hansen, 
1942) assigned the upper layer of pumice to Mount Mazama 
and the lower stratum to an unknown volcano. This was done 
because the upper layer is overlain by about the same thickness 
of peat as occurs in bogs that rest directly upon Mount 
Mazama pumice. А later comparison with Mount Mazama 
pumice revealed that it came from Mount Mazama (Allison, 
1945). In yet another bog on the margin of Mud Lake, about 
70 miles north of Crater Lake and west of Bend, the peat is 
underlain with a coarse pumice probably from a post-Mount 
Mazama eruption of Devil’s Hill about five miles north of the 
site of the sediments (Hansen, 1942a). 

With respect to age the bogs fall into three categories. 
Those at Clackamas, Clear, and Tumalo ‘lakes and on Willa- 
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mette Pass are possibly the oldest because they rest on glacia. , 
drift or its chronological equivalent. Those lying on Mount 
Mazama pumice are younger because the eruption of this pre- 
historic mountain occurred after the maximum of the last 
Pleistocene glaciation (Williams, 1942). ‘The Mud Lake bog 


ER probably the youngest, as the pumice which underlies this 


section is of local origin and may be from the same source аз 
the stratum at 2.0 meters in the Tumalo Lake profile. In the 
latter this layer is 2.5 meters above the Mount Mazama pumice 
‘stratum and must necessarily be considerably younger. 


~ PRESENT CLIMATE AND VEGETATION. ` 


The vegetation and climate of the Oregon Cascades vary : 
considerably due to the great topographic relief and the influ- 
ence of the mountain range itself upon the marine climate that 
spreads eástward from the Pacific Ocean. Although the air 
loses much of its moisture in traversing the Coast Range, oa 
moving up the west slope of the Cascades it is again cooled so 
аз to provide an annual precipitation of 90 inches in certain 
localities. Continuing to flow beyond and down the east slope 
of the Cascades the air is warmed dynamically and gives up 
little of its remaining moisture. -Consequently the climate 
becomes more and more arid ón the leeward slopes and out upon 
the Columbia Plateau and the northern Great Basin, where in ` 
some areas the annual rainfall is аз low as ten inches. The cor- 
tinental influence becomes more pronounced eastward. In add:- 
tion to the influence of the wide range in precipitation ón the 
vegetation of the Oregon Cascades, the altitude and exposure 
also have & profound effect upon the forest composition due to 
variation in temperature. | 

On the west slope пр to an elevation of 3,000 to 4,000 feet 
is the Humid Transition life zone (Bailey, 1936). Here the 
forests are luxuriant because of the comparatively warm climate 
‚ and abundant rainfall. The principal arboreal species include 
Douglas fir (Pseudotsuga taxifolia), western hemlock (Tsuga 
heterophylla), western red cedar (Thuja plicata), lowland 
white fir (Abtes grandis), noble fir (4. nobilis), incense cedar 
(Libocedrus decurrens), and sugar pine (Pinus lambertiana). 
The most common and widespread of these species are Douglas 
fir and western hemlock. 
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The Canadian life zone lies above the Humid Transition and 
with the exception of about a dozen of the highest peaks covers. 
the crest of the Cascade Range. It extends down the east slope 
but not so far as on the west, because of the lesser precipita- 
tion and the warmer summers on that side. In the region of 
Crater Lake and for а distance of 60 miles to the north, the 
Canadian zone extends farther east than in the rest of the 
Cascades because of the greater altitude and precipitation. 
In the extreme southern part of Oregon the Canadian zone is 
very narrow and entirely absent in places, and the Humid 
Transition grades eastward directly into the Arid Transition 
with no intervening life zone. The principal forest trees in the 
Canadian life zone in the Oregon Cascades are western pine 
(Pinus monticola), lodgepole pine (P. contorta), Engelmann 
spruce (Picea engelmanni), western hemlock, Douglas fir, silver 
fir (Abies amabilis), and lowland white fir. In the southern 
part of the Oregon Cascades white fir (Ab#es concolor) and red 
fir (4. magnifica) are present, while in the northern half, west- 
ern larch (Larix occidentalis) is пої uncommon. Pollen analy- 
sis of the Tumalo Lake sedimentary column reveals that this 
species was more abundant in early postglacial time than at 
any time since (Hansen, 1942). The most abundant tree in 
the Canadian zone on the,crest and east slope of the Cascades 
of central Oregon is lodgepole pine. It owes its great abund- 
ance to the pumice mantle that extends north and east from 
Crater Lake for a distance of 100 miles. The deposition of 
Mount Mazama pumice during postglacial time interrupted 
forest succession toward the climatic climax of the region, and . 
has permitted lodgepole to thrive in the absence of competition 
of the other species that would normally forest the area under 
the existing climatic conditions (Hansen, 1942, 1942a). It 
has persisted since as an edaphic climax. 

'The Hudsonian life zone circumscribes the higher mountain 
peaks while some of the lower peaks are covered by this zone. 
It ranges from 5,000 up to 6,000 feet on the cold slopes in the 
northern part of the Cascades and from 7,000 up to 8,000 feet 
on the warmer slopes and in the southern part of the range. 
Forests are sparse and consist of alpine fir (Abies lasiocarpa), 
mountain hemlock (Tsuga mertenstana), whitebark pine (Pinus 
albicaulis), and Alaska cedar (Chamaecyparis nootkatensis). 
In the lower reaches of the Hudsonian zone within the pumice- 
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covered region, lodgepole pine is abundant. The highest peaks’ - 
of the Oregon Cascades support the Arctic-alpine zone in 
which there are no forest trees. 

The timbered Arid Transition zone covers the broad basal 
slopes of the Cascades and in the southern half continues for 
some distance out upon the plateau due to the higher altitude 
and greater precipitation. The most characteristic tree of this 
life area is western yellow pine (Pinus ponderosa). It is the 
most xerophytic of Pacific Northwest forest trees and is able 
to survive farther owt upon the plateau and at lower elevations 
than other species. In the southern half of its range in the 
Oregon Cascades it forms patchwise stands with lodgepole pine, 
the latter, however, being much in the majority because of the ` 
thick pumice mantle. South and east of Crater Lake scattered 
stands of yellow pine occur due to differences in relief. It occu- 
pies the higher ridges and windward slopes wherever there is 


sufficient moisture. In the northern part of the Oregon Саз-. | 


cades, beyond the pumice mantle northward to the Columbia 
River, yellow pine forms a narrow and almost continuous zone 
due to the steep easterly slope and the absence of. pumice. In 
this area lodgepole pine is confined largely to burns in the upper 
part of the Arid Transition and in the Canadian life zones. In 
the southern part of Oregon the range of yellow pine extends 
well west of the Cascades in the Rogue River valley and its 
tributaries. A few stands occur within 50 miles of the Pacific 
Ocean. ‘Adjacent to the yellow pine forests on the east, western 
juniper (Juniperus occidentalis) occurs in sparse stands 
where soil and moisture conditions are favorable. : 


Ровтољастат Forest SUCCESSION. 


LODGEPOLE PINE. 


The general trends of forest. succession as recorded in ће, 
Clear and Clackamas lakes sections are similar to those por- 
irayed by pollen profiles in the Puget Lowland of western 
Washington where the bogs likewise overlie glacial drift (Han- 
sen, 1941). In the lowest levels of both sections lodgepole pine | 
is predominant, being recorded to 45 and 52 per cent in the 
Clear and Clackamas lakes sections respectively (Figs. 8, 4). 
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In the level immediately above it increases to 75 and 58 per 
cent, which are its maximum proportions in the columns. This 
postglacial pioneer invasion of lodgepole pine on deglaciated 
terrain is characteristic over most of the Pacific Northwest. ' 
Аз the glaciers retreated the climate was stil cool and moist 
and the edaphic and physiographic conditions unstable. Lodge- 
pole, being an aggressive species, of prolific seeding habit, and 
producing seed at an early age, was able to persist close to the 
ice front. As the terrain was freed of ice, lodgepole was able 
to take advantage of the lack of competition and rapidly col- 
onized the sterile mineral soil. Other species of greater lon- 
gevity and with more tolerance for shade, however, replaced 
lodgepole as the soil was modified and the physiographic condi- 
tions became stabilized. The sharp increase in lodgepole imme- 
diately above the bottom is similar to that in most sedimentary 
columns in the Puget Lowland. Such an increase in so many 
profiles distributed over such a wide area suggests that the 
response was due to some systematic environmental change. It 
may reflect a slight readvance of the ice, causing unfavorable 
conditions for other species that had gained a substantial foot- 
hold and begun to replace lodgepole. From this maximum in 
the second lowest level of each section lodgepole generally 
declines upward and in both profiles reaches its lowest propor- 
tions at the top. An accelerated decline in the middle third 
of.the profiles suggests a response to increased warming and 
drying which is so well depicted by many profiles throughout 
the Pacific Northwest. А slight expansion in the upper-third 
denotes a return to moister and cooler climate during the past 
scveral thousand years. 

The forest succession as recorded in the Rogue River profiles 
is somewhat different from that revealed in the Clear and Clacka- 
mas lake sections. This is to be expected because the influence 
of Mount Mazama pumice was not felt as far north as these 
two lakes. Also the record is presumably older in these sections 
because they rest directly on glacial drift, while the Rogue 
River sections are underlain with Mount Mazama pumice. Local 
differences in climate, soil, and topography also have been 
contributing factors in causing different trends of forest suc- 
cession. In the Rogue River sections lodgepole is slightly pre- 
dominant in the lowest horizons, but its probable over-repre- 
sentation in pollen profiles suggests that western yellow pine 
was actually the most abundant arboreal species (Figs. 5, 6). 
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In the Rogue River section lodgepole is recorded to 87 per cent, 
while yellow pine attains 95 per cent at the same level. In the 
Prospect profiles lodgepole is represented by 40 per cent and 
yellow pine by 89 per cent in the lowest horizon. At Diamond 
Lake, however, lodgepole is recorded to 71 per cent at the 
‘bottom and remains predominant throughout the sections 
(Fig. 7). This is to be expected because Diamond Lake is 

located in an area covered with five feet or more of pumice. In 
the upper Rogue River valley the pumice is confined to the 

valley floors so that forest succession on the ridges was not 
materially affected by the pumice. The maximum proportions 
of lodgepole at the lowest levels probably represent the rem- 

nants of a once: more extensive postglacial forest of this 
species existing before Mount Mazama erupted and sedimenta- 

tion began. In the Rogue River and Prospect sections lodge- 

pole declines irregularly upward from the bottom. In the 

former a sharp increase at the top suggests the influence of 

recent fire which favored an expansion of lodgepole. А 

This record of lodgepole in all but the Diamond Lake section 

is quite different from that in the five other bogs previously 

studied. As revealed in the Tumalo Lake profiles early post- 

glacial lodgepole pine forests were being replaced rapidly by 
yellow pine at the time of the Mount Mazama eruption (Han- 
sen, 1942). The pumice fall, however, caused a sharp reversal 

of trends, favoring a rapid expansion of lodgepole. On Willa- 

mette Pass lodgepole also was favored by the pumice fall, 

while in the other three sections resting directly upon the pum- 
ice, lodgepole has been predominant to the present (Hansen, 

1942a). 
WESTERN WHITE PINE. 


The pollen listed as white pine probably includes a fair pro- 
portion of whitebark.pine pollen which drifted down from 
higher elevations. The profiles of these species reveal little 
that can be interpreted as a response to a systematic environ- ` 
mental.change. In the Clear and Clackamas lake profiles an 
expansion in the upper third may reflect the cooling and humidi- 
fying of the climate during the past four thousand years as 
wil be discussed later. In the Rogue River section a similar 
expansion of white pine in the upper two-thirds suggests the 
influence of & moister and cooler climate in more recent time. 
In the Prospect section, the white pine profile indicates little or 
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nothing in the way of a climatic trend. At Diamond Lake white | 
pine is represented only sparsely throughout the section. 


WESTERN YELLOW PINE. 


The pollen profiles of western yellow pine from sedimentary 
columns located on the east slope of the Cascades, in the Colum-' 
bia basin of both Oregon and Washington, and in the northern 
Great Basin of south central Oregon are good indicators of 
postglacial climatic cycles. The yellow pine forests of today 
lie between the timberless Arid Transition zone and the cooler 
and moister Canadian zone. The precipitation is and probably 
has been at a critical minimum so that slight increases or 
decreases have resulted in expansion or contraction of yellow 
pine forests, or downward or upward movements of the yellow 
pine zone on the east slope of the Cascades. In the Clear and 
Clackamas lakes sections, yellow pine is recorded to 26 and 
20 per cent respectively in the lowest level (Figs. 8, 4). It 
declines for а few levels and then increases to attain its maxima 
of 82 to 88 per cent in the middle third of each profile. It 
generally declines again toward the top. The greatest propor- 
tions in the middle third of both profiles reflect postglacial 
warming and drying to its maximum degree. "The total yellow 
pine proportions are low às compared with those in sedimentary 
columns located within or near the yellow pine zone of eastern 
Washington or the northern Great Basin of south central Ore- 
gon (Hansen, 1944, 1946). This is probably due to the prox- 
imity of the Canadian and Humid Transition life zones west- 
ward and windward from the sites of the bogs. 

In the Rogue River sections yellow pine is more strongly 
represented due to the location of the bogs in yellow pine for- 
ests or forests containing a high proportion of this species. 
The bogs also lie at greater distance from mesophytic forests 
than do Clear and Clackamas lakes. The highest proportions 
of yellow pine occur in the lower half of each profile, thus 
reflecting the influence of the warm, dry period which reached 
its maximum after the eruption of Mount Mazama (Figs. 
5, 6). As these sedimentary columns rest directly upon Mount 
Mazama pumice and are younger than the other two, the period 
of yellow pine maximum and predominance is contemporaneous 
in both sections. 

In the Tumalo Lake bog yellow pine expanded rapidly in 
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response to early postglacial warmmg and drying but its expan-. 
sion to predominance was interrupted by the pumice fall. 
Although the pumice mantle in this is only from six inches to а 
foot thick, it favored an influx of lodgepole to supersede yellow 
‚ pine, which has persisted in predominance until today (Hansen, 
1942). ‘In those sediments lying directly upon Mount Mazama 
pumice yellow pine never was able to gain predominance (Han- 
sen, 19428). In four sections from Lower Klamath Lake yel- 
low pine attained its maximum and predominance at a strati- 
graphic’ position that is consistent with other sedimentary 
columns in portraying the warm, dry stage which occurred 
after the eruption of Mount Mazama (Hansen, 194%). 
‹ 


DOUGLAS FIR. 


The pollen profiles of Douglas fir are not always indicative 
of climatic trends, because it has such a great geographic range 
and occurs in several formations with different phytosociologi- 
cal status in each. In the Clear lake profile its highest pro- 
portions are concurrent with those of yellow pine, suggesting 
that it responded in the same way to a drying climate. In the 
. Rogue Valley sections the,maximum proportions of Douglas 
fir in the upper third suggests its positive response to the cooler 
_ and moister climate of the past several thousand years. 
WESTERN HEMLOCK. . 

The different interpretations placed on the maximum of 
Douglas fir in the two northernmost sections as compared with 
the two southern columns are supported Бу the profiles of west- 
ern hemlock in the Clear and Clackamas lakes profiles. In this 
area Douglas fir and yellow pine evidently have been competing 
with western hemlock, mountain hemlock, and lodgepole pine. 
The limiting factor has been moisture but the precipitation is 
greater in this area than farther south. Also the influence of 
the Canadian and Humid Transition zones is more apparent 
because these zones are nearer the sites of the sediments. Fur- 
thermore, the prevailing winds from the west result in a stronger . 
representation of forests of these two zones than of the yellow 
pine zone lying eastward and leeward from the sites of the sedi- 
ments. In these moister zones Douglas fir competes with west- 
ern hemlock, which in the absence of fire thrives better than 
Douglas fir. During dry periods Douglas fir is favored even 
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in the absence of fire. Hemlock was unable to take advantage 
of the moister conditions of early postglacial time because of 
the unstable and poor edaphic conditions which in the absence 
of competition by other species permitted lodgepole to pre- 
dominate. As postglacial time passed thé soil, may have become 
modified but then the dry period hindered expansion of hemlock. 
During the last several thousand years, however, an increase 
in moisture has favored a marked expansion of hemlock, which 
attains its maximum at the top in both profiles. Mountain 
hemlock also reveals a similar trend ‘but to a lesser degree. 
In the Rogue Valley profiles western and mountain hemlock 
are insufficiently represented to depict postglacial trends. 


FIR. 


The pollen profiles of the true firs do not portray any post- 
glacial trend in the Clear and Clackamas lakes region. The 
species of fir pollen have not been separated, but in general 
most species require more moisture than yellow pine. In the 
Rogue Valley profiles fir is represented better than elsewhere 
and its trends are consistent with those of the other species. 
In general fir is more abundant in the upper half of the sections, 
indicating a positive response to cooler and moister conditions 
which have prevailed during the past several thousand years. 


POSTGLACIAL CLIMATE AND CHRONOLOGY. 


The climactic eruption of Mount Mazama resulting in the 

formation of the caldera holding Crater Lake occurred some- 
` time after the maximum of the last Wisconsin glaciation (Wil- 
liams, 1942). Williams estimates that the eruption took place 
between 4,000 and 7,000 years ago. Pleistocene glaciers 
advanced and retreated many times while Mount Mazama was 
rising. Ice tongues extended at least 10 miles from the summit 
and one extended 17 miles from the peak. In some canyons the 
ice was 1,000 feet thick and probably at times the entire moun- 
tain was covered with a system of glaciers. How much time 
passed between the time of maximum glaciation and the cli- 
mactic eruption is hard to estimate, but according to Williams 
the glaciers had retreated until only three small tongues of ice 
extended beyond what is now the rim of Crater Lake. By com- 
paring its remnant profiles with those of other cascade vol- 
canoes formed of similar materials, the maximum height of 
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` -Mount Mazama is estimated by Williams to have been 12,000 
feet. The forests on the slopes of Mount Mazama were scantier 
than they are today although they apparently consisted of the | 
same species. Ring growth studies of charcoal logs buried by 
the pumice suggest that the local climate at the time of the 
eruption was similar to that of today (Williams, 1942). 

The maximum of the last glaciation in the Puget Lowland 
of western Washington is dated at about 25,000 years (Antevs, 
1945). This is correlated with the Mankato maximum of the 
last Wisconsin glaciation and with the Tioga glacial stage in 
the Sierra Nevada. Bogs resting upon glacial drift or its 
chronological equivalent are necessarily younger due to a lapse 
of time between deglaciation and the beginming of pollen-bear- 
ing sedimentation. The average age of 30 or more sedimentary 
columns resting upon glacial drift or materials of the same age 
in Washington, Oregon, and Idaho is estimated to be about 
18,000 to 20,000 years. These figures are more or less arbi- 
trary but they have been chosen upon several bases, including 
rate of ice retreat in other parts of North America, the, depth 
&nd type of sediments, the climate 1n the several areas where the 
. Scdiments have accumulated, the physiographic history of the 
region as well às that of the lake basin itself, the occurrence of 
volcanic strata in the sedimentary columns and their chrono- 
logical correlation with one another, and the application, of 
climatic and chronologic data from other sources to the pollen 
analytical data, chiefly the climatic stages as interpreted from 
the pollen profiles. Also the postglacial climatic trends and 
chronology as interpreted from pollen profiles in other parts of 
the world by many workers have served as a р. 
‚ factor. 

Using Antevs’ figures of 88 years рег s for the retreat of 
the Labrador ice from Long Island to the White Mountains 
(Antevs, 1922), from 5,000 to 7,000 years must have been 
required for the ice in the Puget Lowland to waste from its 
southernmost terminus to the Canadian border, а distance of 
about 200 miles. This leaves a figure of about 18,000 years 
since the present-day bog sites were freed of ice. Some may be 
older and some younger, depending upon the location of their 
sites with respect to the rate and method of glacial retreat and 
subsequent geomorphic changes. Mountain deglaciation proba- 
bly lagged somewhat and so 15,000 years is estimated to be the 
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age of montane pollen-bearing sections that rest on glacial 
drift. In the state of Washington the occurrence of a volcanic 
ash stratum apparently from a single, contemporaneous source 


‘in most postglacial organic sedimentary columns correlated 


with the depth and types of sediments and the recorded plant 
succession provides an excellent common time marker and a 
chronological indicator. It is dated at about 6,000 years, or 
during the middle of a warm, dry postglacial stage. In Oregon 
the occurrence of one or more pumice strata in bogs in the 
Willamette Valley, the Cascades, and the northern Great Basin 
serves to segregate postglacial time into units which correlated 
with the forest succession and the climatic interpretation’ pro- 
vides relative dates. 

The Postglacial, which is here defined as the time since the 
last glacial maximum, has been divided into four climatic | 
periods upon the basis of the pollen record from about: 70 sedi- 
mentary columns well distributed throughout the Pacific North- 
west. The first stage persisted until about 15,000 years ago 
and was cooler and moister than the present. Some of the sec- 
tions may represent 5,000 to 10,000 years of this initial stage 
while others may have hardly begun before it ended. The second 
stage was one of warming and drying and lasted until about - 
8,000 years ago. During this stage, perhaps about 10,000 
years ago, the temperature reachéd a level similar to that of 
today. The third stage, lasting from about 8,000 years ago 
to about 4,000 years ago, was one of maximum warmth and 
dryness, while the final stage of about the last 4,000 years has 
been cooler and moister. 

A postglacial period of maximum warmth evidently was gen- 
eral throughout the north temperate zone, as is suggested by 
pollen profiles and peat stratigraphy from northern Europe, 
England, eastern, North America, and. the Great Lakes region 
(Blytt, 1881; Sernander, 1908, 1910; von Post, 1980, 1988; 
Godwin, 1940; Amtevs, 1981, 1938; Sears, 1942, 1942a;. 
Deevey, 1948, 1944; Potzger, 1942; Potzger and Richards, 
1942; Wilson and Webster, 1942). The chronologic interpre- 
tations by these various workers for the duration of this ther- 


` mal stage range from 6,500 to as low as 2,500 years. | 


Pollen profiles from 80 or more postglacial sedimentary 
columns in the Pacific Northwest that overlie glacial drift : 
reveal consistent and definite evidence for a xerothermic stage 
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during postglacial time. This is best revealed in profiles from  . 
eastern Washington, the northern Great Basin of south central . 
Oregon, and the Willamette Valley of western Oregon. It is 
less strongly pronounced in profiles from the Puget Lowland: 
of western Washington and from northern Washington and 
Idaho. | | ; 

'The correlation of the time and duration of this warm, dry 
period with chronological data from other parts of the world, 
aids in constructing a time scale for the postglacial climatic 
sequence in the Pacific Northwest. The nearest links with Euro- 
pean chronology are concerned with the fluctuations of the 
Great Basin lakes and the oscillations of western mountain 
glaciers. Antevs (1981, 1988) using summer temperatures for’ 
long distance correlation, dates the postglacial age of distinctly 
higher temperature in Sweden and Denmark from 0,000 to 
2,000 B. C. He designates this age of warmth as the Middle 
Postglacial and uses it as а starting point in correlating the 
Swedish varved clay chronology (De Geer 1910, 1940) with 
North American postglacial climatic sequences. This chro- 
nology may be applied to the Pacific Northwest through the 
interpretations of the fluctuations of lake levels m the Great 
Basin. These lakes expanded and contracted in response to 
the Pleistocene glacial and interglacial stages. The highest 
stages of lakes Bonneville and Lahontan are correlated with 

' the Іожар-Таһое glacial stage, while the lower stages repre- 
sented by the Provo shoreline in the Bonneville Basin and the 
Dendritic terrace in the Lahontan’ Basin are correlated with 
the Late Wisconsin (Mankato-Tioga) glacial stage (Antevs, 
1941, 1945). In the Summer Lake basin of south central Ore- 
gon the highest levels of Pluvial (glacial) Lake Chewaucan are 
probably to be correlated with the Tahoe (Iowan or Early 
Wisconsin) glacial stage of the Sierra Nevada, and lower beach 
levels of Winter Lake with the weaker Tioga (Mankato or Late 
Wisconsin) stage (Allison, 1945). Continued fluctuations of 
Great Basin lakes during the Postglacial probably in response 
to climatic cycles is suggested by their present salinity. The 
present salinity of Owens Lake in California and Abert and 
Summer lakes in south central Oregon is such that it need not 
have required more than 4,000 years to have been reached (Van 
Winkle, 1914; Gale, 1915), indicating that they are not direct 
descendants of the Pleistocene lakes that occupied their basins. 
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The earlier lakes apparently dried up during the xerothermic 
interval of the Postglacial and their saline sediments were either 
buried or removed by deflation. Antevs (1945) dates this dry 
stage between 8,000 and 4,000 years ago. About 4,000 years 
ago an increase in moisture caused these lakes to be reborn 
and attain higher levels than at present. In Summer Lake 
basin an abandoned sandy beach ridge from 10 to 20 feet higher 
than modern Summer Lake suggests an expanded lake stage 
resulting from the increase in moisture a few thousand years 
ago (Allison, 1945). | 

Further support for the time and occurrence of the post- 
glacial warm, dry stage is revealed by the history of modern 
glaciers in the western mountains. Modern cirque glaciers in 
the Sierra Nevada, most of the glaciers in the Rocky Mountains 
within the United States, and all of the lesser glaciers of the 
Cascade Range and Olympic Mountains probably represent a 
new generation of glaciers that came into existence in recent 
time, probably about 4,000 years ago (Matthes, 1989, 1942). 
The almost complete absence of ice in the mountains prior to 
this time denotes a long, warm interval. 

Although the eruption of Mount Mazama took place after 
the maximum of the last Pleistocene mountain glaciation, the 
stratigraphic position of its pumice in sedimentary columns in 
the Oregon Cascades and northern Great Basin indicates that 
the volcanic activity occurred some time before the maximum 
of the warm, dry Middle Postglacial. In the Oregon Cascades 
western yellow pine had reached an advanced stage of expan- 
sion by the time of the eruption. This is indicated im sedi- 
mentary columns that rest directly upon Mount Mazama pum- 
ice as well as those that contain an interbedded stratum. Post- 
glacial sections in the northern Great Basin reveal an inter- 
bedded stratum of Mount Mazama pumice above the maximum 
"of yellow pine but below the maximum of grasses, Chenopods, 
and Composites (Hansen, 1946). This denotes that yellow 
pine expanded as the postglacial climate became warmer. Con- 
timued increase in temperature became unfavorable for yellow 
pine and favored an increase of grasses, Chenopods, and Com- 
posites, indicating that the eruption took place before the maxi- 
mum of the drouth, but probably soon after the climate became 
somewhat similar to that of today.’ 

The stratigraphic relationships of Mount Mazama pumice 
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and Newberry Crater pumice in the former bed of Lake Che- 
waucan and Winter Lake, pluvial antecedents of modern Sum- 
mer Lake in south central Oregon, lend a clue as to the time 
of the Mount Mazama eruption (Allison, 1945). Pluvial Win- 
ter Lake, which is correlated with the 'Tioga (late Wisconsin) 
glacial stage, was stil in existence several tens of feet above, 


: modern Summer Lake at the time of the major eruption. It 
must have persisted for some time afterwards because the Mount 


Mazama pumice is overlain by additional lake sediments includ- : 
ing а layer of pumice from Newberry Crater. The final erup- 
tion of both volcanoes occurred before the culmination of the 
warm, dry interval in the northern Great Basin. Presumably 
the Pleistocene lakes dried up during the warm, dry Middle 
Postglacial, and Summer Lake was re-established in the lower 
part of the basin as the climate became moister in the last 
4,000 years. 

By correlating the Pleistocene and postglacial lake levels in 
the Summer Lake basin with those in the Lake Lahontan, basin 
of Nevada, as interpreted by Antevs, Allison (1945) dates 
the eruption of Mount Mazama between 10,000 and 14,000 
years ago. 

On the contrary the thickness of the bog sediments overlying 


` Mount Mazama pumice, the stratigraphic position of the inter- 


bedded pumice in relation to the warm, dry stages аз inter- 
preted from pollen profiles, and the correlation of many pollen 
profiles from the Pacific Northwest indicate to the writer that 
the eruption of Mount Mazama took place between 8,000 and 
10,000 years ago. | 

The author is grateful to Dr. I. 5. Allison, Oregon State 
College for reading the manuscript and for his criticism of the 
geological aspects. 
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OBITUARY. 
AMADEUS WILLIAM GRABAU. х 
Ап Appreciation. | | 


The death of Amadeus William Grabau in Peking, China, March 

. 20, 1946, removes one of the great geologists of the world. Although 

he had lived іп China during the last 26 years of his life, he still had 

many friends in this country who will mourn him personally and 
many more who will be saddened by this loss to science. 

Dr. Grabau's research work lay principally in the fields of strati- 
graphy, paleontology, and evolution. He published'a 2-volume 
“Textbook of Geology," a large volume on "Principles of Strati- 
graphy,” and collaborated in “North American Index Fossils" (2 
volumes). He wrote many papers in pure paleontology, especially 
on mollusks and brachiopods, describing a very large number of 
new species and many new genera. His descriptions of these are 
full, carefully done and well illustrated. i 

He was closely associated with Alpheus Hyatt for eight years at 
the Boston Society of Natural History. Hyatt during these years 
was brilliantly applying thé ontogenetic theory to the evolution of 
invertebrates. And-Grabau’s contributions to ‘this line of research 
are outstanding. In gastropods, corals and crinoids, in brachiopods 
and cephalopods, he shows that the ontogeny of an individual repeats 
the phylogeny of the group to which it belongs, that the geological 
sequence of these ancestral forms is in ые order indicated by the 
development of the individual. 

During his later years Dr. Grabau was especially interested in the 
development of his Pulsation and Polar Control theories. According 
to the former the evolution of the crustal features of the earth is 

` brought about by the rhythmic rise and fall of sea-level, expressed 
in its transgressions (pulsations) and regressions (interpulsations). 
All continents are thus affected at the same time. During regres- 
sions there occur erosion, continental sedimentation, mountain folding 
and vulcanism.' With this Pulsation theory is linked the Polar Con- 
trol theory. According to this there is a "periodic shifting of the 
earth’s crust (sial-sphere) through the impetus given it by the rota- 
tion of the earth on an axis of essential constancy of' position." In 
other words, the poles are constant in position but the sial crust is 
not. ‘Thus the continents shift to the poles, accounting for glacial 
climates, and away from them, accounting for mild climates. ‘As the 
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sial is ‘partly submerged i in the underlying : віта, its ‘movement. pro 


duces mountains at its' forward edge and fissures, with consequent 
vulcanism at its rear edge. 


_ Dr. Grabau published four large Velum on the Paleo&oic pulsa- ; 
tions, but did not have time to complete his volumes on the Mesozoic ' 


and Cenozoic. However, in.his "The Rhythm of the Ages," which 
appeared in 1940, he not only sums up his theory as applied to the 


' , Paléozoic, but, also outlines his evidence for the succeeding eras. 


Although many geologists. will not accept these theories, they 


will remain an incentive to research, and the mass of data which he | 


collected in their support is a storehouse of information upon which 
future workers will draw. HERVEY W: BHIMER. 


SCIENTIFIC INTELLIGENCE 
' Prysics AND CHEMISTRY. 
Physics and Experience; by Bertrano ВКовзктт. Рр. 26. Cam- ` 

bridge, at the University Press. New York, 1946 (The Macmillan ` 
Co., $.50).— This booklet is a reprint of the Henry Sidgwick Lec- 
ture, delivered аё Newnham College, Cambridge, in 1945. In it, 
'Russéll gives his answer to the questions: "Assuming physics to be 
broadly speaking true, can we ‘know it to be true, and, if the . 
answer be, іп the affirmative, does this involve knowledge of other ` 
truths besides those of physics?" The answers are somewhat elab- 
orate and involve an airing of the difficulties which often tend to 
make them uncertain. Among them is the circumstance that percep- 
tion of physical facts is a mediate act; which may or may not bring 
the knower into exact contact with physical reality.. Another is-the 
mental character of perception as opposed to the physical character 
of the object. They are resolved by stipulating a causal relation 
between object and perception, and by defining a mental event in 
epistemological terms as one which we know "otherwise than by 
inference," so that “mental” is no longer opposed to "physical" - 
Accepting these meanings, physics can be known іо Бе true on the 
bests of purely physical ‘knowledge. ‚ 17 HENRY MARGENAU. 


Synthetic Rubber from Alcohol; by Амвкгм Tararay and 
Міснлв, Maaar. Pp. xiii, 298; 64 figs. and many Tables. New 
York, 1945 (Interscience Pub. Co., $5.00).— This book is made пр 
of four long chapters which treat the ‘chemistry of the Lebedev 
process, the technological aspects of. the process,’ the polymerisa- 
tion of the butadiene product, and the physico-chemical properties 
of. the resulting polymer. ... 

The first chapter contains an abundance of ' snformafion on the 
products of alcohol dehydration and dehydrogenation and the mech- 
anisms by which they originate, It is very lacking, however, in 
specific information about the nature of the catalysts which promote 
the reaction. The second chapter is informative but largely based 
on old work (1986 and before) done at а time when, in the author's 
words, "the chemical apparatus industry in the U.S.S.R. was very - 
‚ much in its infancy." The treatment of analytical methods, safety 
hazards and other such matters is helpful. 'The chapter on poly- 
merization is good, that part pertaining to emulsion polymerization 
ARN so. The discussion of the properties of the polymer is 
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more directed toward the physical chemist than the "rales 
- technologist. 

The book is ЕЕ Р the figures are good. The subject 
index is not as complete as could-be desired. HARDING ‘BLISS, 


The Chemical Process Industries; by В. Nonnm Surzve. Pp. xiii, 
875; many illustrations. New York and London, 1945 (McGraw 
Hill Book Co., $7.50).—This book begins: with an excellent state- 
ment of objectives and fundamentals with which the ensuing study 
of the chemical industry is approached: The importance of cost and 
the general problems common to all branches of the industry are. 

` suitably emphasized. Each of the remaining thirty-four of the 
thirty-nine chapters is devoted to one particular branch of chemical 
manufacture. No important branch is omitted. The book is well- 
illustrated and has a good index. The author’s choice of references 
for supplementary reading is to be commended. 

As a relatively: concise and complete review of the essentially | 
qualitative aspects of chemical industry this book is probably without 
equal - HARDING ВІЛ88, 


Principles of Industrial Process Control; by Doxazp P. Коко 
Pp. x, 287; 175 figs. New York and London, 1945 (John Wiley and 
Sons, $8. 50) -—This is an excellent book and one which fills a very 
` great-need. The current periodical literature on instrumentation is 


| . so highly specialized in content and so much obscured by unusual 


terminology that the reader seeking a broad view is more likely to 
. be confused than enlightened. This book will be of great benefit ' 
in this. connection. It describes clearly the fundamentals of measure- 
ment and control. The first three chapters deal with means of ' 
measurement of the several process variables and their character- 
istics. ‘The next two chapters are concerned with the means of 
adjustment of supply according to the demands of the system. | An 
excellent chapter on the character of the process under control and ' 
the inherent “lags” is included. The remaining chapters cover the 
theory of automatic control the quality of control, spplications, 
' control systems, and maintenance. 
The index is adequate. A seven page Glossary of terms will be 

most useful to the general reader. . 

The book is heartily recommended to any engineer in the process 
industries. HARDING BLISS, . 


Atomic and Free Radical Reactions. The Kinetics of Gas Phase 
Reactions Involving Atoms and Organic. Radicals; by Е. М. R. 
Srzaciz, American Chemiéal Society Monograph Series, No. 102. 
Pp. vii, 547. New York, 1946 (Reinhold Pub. Corp., $8.00).—One 
of’ the most difficult branches. of chemistry concerns. itself with the 
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бараана of data on rates of. chemical, reactions. Of fanda- 
mental importance both for theoretical and for. practical reasons the 
probleins involved are not easily brought to satisfactory conclusions. 
The experimental work is difficult to make exact; detailed theoretical 
guides of a practical nature are largely lacking. The literature of 
chemical kinetics is immense. Particularly in the field of gas reac- 
tions—where there is more chance of obtaining theoretically inter- 
pretable results—has a great amount of work been done. The trend 
of results has been to show that chemical reactions, however complex, 
are usually the overall result of a series of simple elementary reac- 
tions. The present book is a comprehensive review of the work o» 
а large class of elementary gas phase reactions, those involving more 
or less short-lived chemical fragments. 

After a very short introduction in which are briefly summarized 
some of the results of the theory of kinetics the author proceeds 
at once to his chief business. Chapters 11.40 V, the first half of the 
book: give a general discussion of “experimental methods and of 
the róle of atoms and radicals in thermal and photochemical reac- 
tions.” In the last half of the book “an attempt is made to discuss ` 
all data which have a bearing on the rates of individual elementary 
reactions." This attempt may possibly not have been one hundred 
per cent successful, significant data being frequently buried in most 
unlikely and as well as inaccessible spots, but the author has cer- 
tainly accomplished a monumental task. The survey will prove most 
useful for anyone working with gas reactions. As a source of sug- 
gestions for research the book will be well-nigh inexhaustible. The 
author has been forced to make other than definite statements about 
the mechanisms of very many of the reactions he discusses. Indeed, 
a second sub-title of the book might well read: 4 Left-handed 
Account of the Unsatisfactory State of Chemical Kinetics. 

The utility of the book is enhanced by the reaction index, which 
enables one to find readily any reaction discussed. There is in addi- 
tion a subject index. The book manufacture is up to the usual high 
standard of the Monograph series, | HENRY C. THOMAS. 


Modern Chemistry. -Some Sketches of its Historical Develop- 
ment; by A. J. Benny. Рр. x, 240. New York, 1946 (The Mac- 
millan Co., $2.50). (Cambridge University Press).—Nine indepen- 
dent essays on the development of various branches of chemistry 
make up this book. The chapter headings summarize its contents: 
I, Classical Atomic Theory; II, Electrochemigtry; III, Stereochem- 
istry; IV, Radioactivity; V, Elements, Isotopes and Atomic Num- 
bers; VI, Some Experimental Studies on ‘Gases; VII, Some Problems 
of Solutions; VIII, Some Essential Features of Chemical Change; 
IX, A Retrospect. Chapter VIII concerns itself largely with the 
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history of diac Vines: Chapter IX ва discussiom тоё the his- 
tory of the relation of chemistry to other sciences, in particular, to’ 
/ physics and to biology. 

Any ‘chemist could improve his perspective. of the science by. à 
éareful reading of these essays. The book should be especially 
recommended to seniors and. graduate students preparing for com- 
prehensive examinations in chemistry. . HENRY С, THOMAS. , 


Colloid Chemistry, Theoretical and Applied. Volume VI. Edited | 
` by Jarome ArrzxaNDxn. Pp. vii, 1215; New York, 1946 (Reinhold 
Publishing Corp., $20.00).—This yolume, like its predecessors, con- 
tains articles on a very wide variety of subjects. The topies covered 
‘range from physical instrunients such as the mass spectrometer and’ 
the Geiger-Muller X-ray spectrometer to. purely technological 
matters such. as the fluids used in drilling oil wells, The volume is 
divided into two parts,-the first of which contains thirty-eight papers 
on “General Principles and Specific Industries,” while the second is 
composed of thirty-two articles in the field of “Synthetic Polymers 
and Plastics.” Most of the articles contain extensive bibliographies. 
A very competent group of authors has been assembled by the’ editor.. 
‚ The only method by which the extent of this volume could be : 
shown would be to list the table of contents. Space limitations pre- ` 
clude this.’ However, it-is safe to say that any industrial chemist 
will find material here which is pertinent to his own industry. 
Academic scientists will be interested in the above-mentioned articles 
on the mass and X-ray spectrometers, in Harkins’ paper on surface 
films on solids and liquids, in Zworykin’s and Hillier's discussion of 
some of the practical. aspects of electron microscopy, in Emmett's | 
treatment of catalysis and its. industrial applications, and in many. 
of the other articles. The papers in Part II cover practically all the 
commercially important synthetic.plastics. They are written, for 
the most part, from the technological point of view, and thus contain - 
much information of rather "wide interest which it would be difficult - 
‘to find elsewhere. 

The book maintains ће: high’ standards of format established by . 
the other volumes of this series. In particular; mention may be 


. , made of the numerous and helpful figures and of the rather complete 


indexes. The, latter are very useful in a book containing such а 
. diversity of subjects. JULIAN M. STURTEVANT. 


ParxzóNToroGy. 


dva: Dish and Man; by Franz WxIDENREICH, Univ. of Chicago 
Press, 1946, Pp. 1-122, 90 text figures; $2.50. —This book is the 
printing, somewhat. augmented, of five lectures delivered, at the Uni- 
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versity of California in the spring of 1945. The lectures, each: of , 
which is more or less independent of the others, set forth the author's. 
conclusions concerning man’s evolution ‘as it appears from the ' 
records of the past. 

Man's place in the, zoological seats is clearly established with 
the thrée existing great apés as his nearest of kin. The likenesses 
are. во great that the author stresses the points of difference rather 
than evidences of kinship. These are largely the early assumption 
on the part of humanity of the-erect posture permitting him to use 
his feet solely for locomotion and freeing the hands for other use. 
This has reacted on the construction of the feet and vertebral col- 
umn and on the form of the skull as well. Limb proportions have 
also changed, especially the relative lengths of upper arm and thigh. 

The number of teeth is alike іп ape апа man, but the latter lacks 
the projecting, fang-like character of the canine teeth and only 
in the most primitive forms is there any gap in ihe tooth row.. The 
form of tle dental arch, nearly parallel sided in the ape, is а widely 
expanded curve in man. The projecting muzzle апа heavier face 
of the вре are correlated with a smaller brain case—in man the. 
reverse is trué and Ње brain case lacks the crests amd buttresses 
which in the gorilla not only serve to strenghen the skull against 
muscular strains but provide space for the attachment of the power- 
ful muscles of the jaws. Man, as known from the fossil record, is 
divided into three'sub-families which merge into and succeed each 
other in time. There are the Archanthropinae including such well- 
known forms as Pithecanthropus, Sinanthropus, and the recently 
discovered giant species, Gigantopithecus from China, and Megan- 
thropus from Java.^ Not only is great size indicated by the very 
fragmentary remains of the last two, but, in common with the others, 
a marked robustness of bone which leads the author to believe that 
giantism уаз’ а characteristic of our remote ancestry and reduction 
of stature and of bone thickness were part of the evolutionary trend. 

The Paleoanthropinae include the Rhodesian man, Neanderthal 
man, and the Palestinian men from Mount Carmel which show traits 
of the Neanderthals together with those of our own species, Homo 
sapiens, possibly from hybridizing although Weidenreich seems to 
think that some of the Mount Carmel men at least were actually 
transitional into sapiens. 

Modern men such as those of Cro-Magnon Du with all exist- 
ing humanity are grouped es Neanthropinae. The change of form of . 
the cranium together with the progressive lightening of the bones ' 
are from a low-crowned skull, rélatively large of face and with . 
heavy brow-ridges and small brain capacity to. the condition seen 
in modern man. Neanderthal man, while showing many of the more 
primitive traits, had, nevertheless, a cranial capacity, pod that 
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of the average Euiopean of today, which shows that increase in 
' brain volume has not progressed for the last 10,000 to 20,000 years! 
But the form of' the cranial cavity has changed, especially in the 
parietal region, which allows for a greater development of the 
parieto-temporal portion of the brain without an increase in total 
‚ volume. And the brain has changed in yet another way, through the 
increase of the area of its cortex which could only be brought about 
by a deepening and further elaboration of the infolded area, a proc- 
ess of which the endocranial impression gives very little clue. For 
as the author says: “if a special type of mentality were really to 
depend on the form of the brain, this could never be recognized by 


| ‚ the shape of the bones which cover it,” and HE is all that the stu- 


dent, of fossil man possesses. 

. Weidenreich’s exposition of the PER at his disposal is clear 
and his conclusions are apparently well founded. His opportunities 
. to study the material directly have been ample and he UMS with 

meh authority. 
RICHARD 8. LULL. 


MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


English-French and French-English Technical Dictionary; by 
Francis Соввет. Chem. Publ Co., Brooklyn, N. Y. 1946. Price 
$5.00.—This dictionary contains approximately 16,000 words and 
phrases. It covers adequately the fields of metallurgy, mining, 
chemistry, electrical engineering and physics, in that order- of thor- 
oughness. French equivalents of English expressions, and vice 
. versa, are chosen with competence and accuracy. ‘The book is 
highly recommended to all workers in natural science, to librarians 
and translators. It seems surprisingly up-to-date in most aspects 
of applied science, although some terms having reference to recent 
developments in atomic physics are missing. 

HENRY MARGENAU. 


` Luther Burbank. А Victim of-Hero Worship; by У. L. Howanp. 
Vol. 9, No. 5/6, Pp. 299-522; 6 figs., 7 plates. Waltham, Mass., 
1946 (The Chronica Botanica Co. $8.75), New York City (G. E. 
Stechert & Co.).—The. personality and accomplishments of Luther 
Burbank were the subject of much controversy during his lifetime 
and immediately efter his death in 1926. Even now, some twenty 
years later, interest in his career has not lapsed, as is witnessed by 
the appearance of another recent biography (in addition to the 
present one) and the issuance by the United States Post Office 
Department in 1940 of а commemorative Burbank Stamp. In writ- 
. ing the present volume the author states that he hes given up the 
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hope of bridging the, chasm between ‘the extreme admirers ‘of Bur- 
bank and those who deprecate him, and rather hás directed this work 
to the “host of people who ћауе по violent feelings about Burbank ' 
one way or the other and who merely want the honest facts about 
the man and his life work, his value to human society аз. а whole, 
not alone to the science of plant breeding.” The present reviewer , 
feels that the author has succeeded very well in his task of present- 
ing an objective evaluation of his subject’s career. From it emerges 
the picture of-a man who was an able, energetic, fundamentally 
honest, practical plant breeder, most of whose alleged extreme . 
virtues or faults were due largely to his exploitation by unscrupulous 
associates. The present volume does little, however, to enhance 
Burbank’s reputation as a scientist. Despite the undoubted prac- 
tical value of many of his productions (of which a useful summary 
is presented in Chap. 19), it still seems apparent that Burbank 
made little or no real contribution to advancing the science of plant 
genetics. та NORMAN H. GILES, JR. 
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Ohio Geological Survey. Fourth Series. Information Circular No. 1. 
(Revised Edition). Mineral Resources of Ohlo; by W. Stout, Columbus, 
1948. 

Kansas Geological Survey: Bulletins as follows. Мо. 62. Exploration for 
ОП and Gas in Western Kansas during 1945; by У. A. Ver Wiebe; 
No. 64, Part 2. Silictfied Rock in Ogallala Formation; by J. С. Frye and 
A. Swineford, Lawrence, 1946. | 

Ilinois Geological Survey. Geologic Map of Illinois; compiled by J. M. 
Weller with collaboration of L. Е. Workman, G. H. Cady, A. H. Bell, 
J. E. Marmar, and G. Е. Eckblaw. Urbana, 1945. 

U. 8. Geological Survey; 55 Topographic Maps; Geologic Atlas of the 
United States, Folio 227. Hollidaysburg-Huntington folio, Рв.; by C. 
Butts. 6 maps (scale 1:62-500), 8 sheets of нано, Washington, 
1945, 1946. 

Tennessee Geological Survey, Geologic Map and Structure Sections of the 
Mascot-Jefferson City Zine Mining District; by J. Bridge. Scale: 2 inches 
~ 1 mile. Nashville, 1946. 

The Transactions of the Geological Society of South Africa. Vol. XLVIII. 
The Origin of the Amphibole Asbestos Deposits of South Africa; by 
А. du Toit. Johannesburg, 1945. 


Principes de Geologie. Vol. 1 and Vol. 2, 2nd edition; by P. Fourmarier. 


Liege, France, 1944 (H. Vaillant-Garmanne, S. A.). 

Report of the Director for 1945. Bernice P. Bishop Museum. Bulletin 188; 
by P. H. Buck (Te Rangi Hiroa). Honolulu, Hawaii, 1946.. 

State of North Dakota Research Foundation. Bulletin No. 1. Bibliography 
of the Geology and Natural Resources -of North Dakota, 1814-1944; by: 
С. E. Budge. Bismarck, 1946. 

Smithsonian Miscellaneous Collections. Vol 106. No. 5. Echinoderms from 
the Pearl Islands, Bay of Panama, with a revision of the Pacific species 
of the Genus Encope; by A. H. Clark. No. 7. Mammals of San Jose 
Island, Bay of Panama; by R. Kellogg; Pub. 8805.. Freer Gallery of Art. 
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E" Ns : ' "Publications Recently "Recéioed. PS 


Oriental “Studies No...8. A -Descriptive and Illustrative Catalogue “at 

' Chineéé Bronzes асйштед during the administration of John .Ellerton 
Loüge, complled by the staf of the Freer Gallery of Art.. "Washington, 
1946. : 

Textbook ot сен "by B. Harrow. Fourth edition. Philadelphia, . 
; 1946 (W. B. Saunders Со, $4.25). у 
Colloids, Their Properties and A Dplientióné by A.'G. Ward, New York, ' 

1948 (Interscience Pub. Inc., $1.75). и 

Tables of Fractional Powers, prepared by the Mathematical Tables Project, 
conducted under ‘the sponsorship of the National Bureau of Standards. 

. New York, 1946^(Columbia University Press, $7.50): . 

The Alkaline-Earth and Heavy-Metal Soaps; by S. B. Eliott. New York, 
1946 (Reinhold Pub. Corp., 87.50). 

Monographs on the Process of Research in Holland. Contribution to the 
Physics of Cellulose Fibres. А study in ‘Sorption, Density, Refractive . . 
' Power and Orientation; by В. Н. Bermans, New York, 1946 (Elsevier 
Pub. Co.). .Modern Development of Chemotheraphy; by E. Havinga, 
H. W. Julius, H. Veldstra and K. C. Winkler. New York, 1946 (Elsevier | 
Pub. Со. $88.50). . - 

Rubber in Engineering. Reprinted by permission of the Controller of his 

` Brittanie .Majesty's Stationery Office. Brooklyn, N. Y. 1946 (Chemical 
Pub. Co., 85.50). 

The World of Numbers; by H. McKay. New York, 1946 (The, Macmillan А 
Co, emy: ‘Cambridge (At the University Press). 
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| ‚ VOLCANIC HEAT 
- J. VERHOOGEN. . 


ABSTRACT. It is dificult to reach any definite conclusion regarding the 
origin of volcanic heat, mainly because of the conflicting character of the 
evidence. When two conflicting observations of equal weight are presented, 
` the writer's position ів to assume that both are probably correct. E.g., 
he assumes that there may exist magmas with a very small water content . 
&nd others consisting almost entirely of water of very deep origin. It is 
suggested in the same manner that magmas may be formed at various 
levels In the mantle'and in the crust, and a theory of “statistical” melting, 
is presented as а new line of investigation. Magmas are believed to have 
several “parents,” one of which may be diffusion of water and less common 
metallic constituents from the core of the'earth. Volcanic activity, a rather 
- insignificant phenomenon, results BERI from the simultaneous operation 
of a number of factors. 


INTRODUCTION. 


лоте GRATON (4) has made scaly a on А 
subject of volcanic heat а substantial contribution which 
is, however, of a, decidedly negative character. It ів undoubt- , 
edly very important to know what does not happen in a 
volcano, and in this respéct Dr. Graton’s statements concern- 
ing chemical reactions as a source of heat are important. But 
the ‘present writer, who has spent muclh of his time in the last _ 
eight years in an environment of active volchnoes, and very 
active ones at that, feels that the subject might perhaps : 
deserve a more constructive treatment; Let it be clear at - 
once to the reader that the object of this paper is dot to sug- 
gest a.definite solution to the ‘problem of volcanic heat; the 
picture of volcanic action detailed in § 28 is given mainly-to 
call attention to several possible lines of investigation which 
might provide a better approach to the subject. 
2. It is very remarkable and disappointing indeed that the ' 
. wealth of information on volcanoes that has been gathered 
in the past 50 years does not scem to have added very 
much to our: knowledge .of the ultimate causes оЁ volcanic 
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kad activity. The reason for this may be that most attempts at- 
ч _ generalizations fail because of the contradictory and *some- 
times apparently irreconcilable character of the’ evidence. 
Examples: of such conflicting data will be given below. It is 
important to remark that much of this evidence, contradictory 
ag it may seem, cannot be discarded lightly on the: basis that it - 
‘appears fantastic. ' If Perret, having observed the 1906 
_eruption of Vesuvius at closer quarters than any one else, feels 
that more gases were driven off than lava, thére is a strong 
case for the point, difficult as it may-be to reconcile this obser- 
, vation with our present, limited knowledge of magmas. , Even 
if Graton proves in an apparently successful manner that 
exothermic reactions fail as a possible source of volcanic heat, 
must we forget that а 80 years’ experience at active volcanoes 
convinced Jaggar (6) to the contrary? ` 
.8. The present writer’s position is to assume, in the face 
of conflicting evidence, that both propositions are pre- 
sumably true, the contradictions arising probably from 
our inability to see the exact relations. "This inability may 
result from incorrect or incomplete statements, or from the 
fact that we.are neglecting some factors. There may also 
‚розы у be only a statistical trüth, with real deviations. Two 
observers drawing a small number of samples of black and © 
. white balls may reach different: conclusions as to the proportion 
of white balls to black ones in the box. They are both right, 
on the basis of their observations; the only trouble is that 
these observations &re incomplete. 

774. To see more clearly how this could happen in the ded 
case let us consider volcanic phenomena in their true pro- 
portion as compared to the earth as а. whole. 

Ав regards volume: Ап aécumulation of lava of the plateau 
‘type may be of the-order of 10° cm? (one million square 
kilometers, one kilometer thick). Suppose 80 such outpour- 
ings to have occurred since the beginning of the Cambrian .: 
period, and the writer confesses he could probably mention no 
more than 10`ог. 12 such- occurrences. The total volume of - 
lava erupted since that time (8:107? сп), compared to the 
total volume of the crust down to a depth of 70 km. (8.56X10* | 

. em®) amounts only to one part in a thousand. The outpouring 

of these plateau masses may have lasted many million years, so 
that the volume of the crust that was actually molten at any- 
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time . must Be been much less 'still. A present day large" 
_ eruption, would amount to: something around 10/5 em? on the 
average; this is only 10~*° times the volume of the crust. 

As regards heat: Take the total heat lost by one gram of 
lava crystallizing and cooling from' 1000?C to:ordinary tem- 
perature to be 400 calories (800 cal. from specific heat, 100 
cal. from latent heat). ‘Then the total amount of.heat required 
to account for all volcanic activity since the close of the Pre- 
 cambrian would be of the order of 4X10? cal. The heat con- 
ducted to the surface апі lost by radiation in the same time 
would be, taking-an average of 1.10 cal/cm?-sec, 5.08X 107? 
em? X 15X10% sec X 1.107 cal/em?.sec от 7.5X10?? cal in 
all Volcanic heat represents only а very small fraction of 
the heat radiated by the earth” .. 

These facts suggest that the real problem of volcanoes is 
not so much to find a suitable source of energy аз to provide 
ways and means by which rather insignificant amounts of heat 
can be focussed on relatively insignificant volumes of the.crust. 
The orders of magnitude. suggest that volcanic activity шау 
result from a coincidence of various factors which may them- 
selves have a small probability by usual standards. In other 
words, volcanic activity may be something exceptional, and 
there may be no need to wonder if its manifestations occasion- 
ally show somewhat unexpected deviations from the behavior 
that purely petrological thinking has accustomed us to con- 
` sider as normal. 

Following Graton's treatment of the subject, we shall take. 
up successively the following points: 1) cooling by expanding 
gases, 2) рав Лата ratio, 8) chemical heat, 4) internal heat. 
We shall then proceed to suggest two lines of investigatione: 
that might а useful results. "ox 


соотлме BY GAS EXPANSIONS. 


5. То those who contend that rising gases may act as a 
heating agent, Graton opposes the statement that gas isa ` 
powerful refrigerant. Since it has appeared, mainly 


* Heat losses represented by intruston and metamorphism need not be 
considered, as they wil automatically reappear. in the radiated heat. The 
adopted value for radiation (1.10-* cal cm sect) applies presumably 
activi ы а portion of the: crust which has not recently suffered igneous - 


ә being computed as follows: 
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through work by Jaggar and others at Kilauea, that there doss 
seem to be'a heating effect connected with the gas discharge, it 
may be useful to find out just what Graton means. His argu- 
ment, based on thermodynamical calculations, is to the effect | 
that а granitic magma containing 9.4% of water at 1200°С` 
and 10,600-bars would cool, as a result of its expansion to’ 
atmospheric pressure, by 356°, the various causes of cooling . 


+ 


Expansion ‘of mel "uu 11? 69 
. ` exsolution of gases 30° 28 
М expansion of gases. ^. 814° 78° 


856° 75 


And Graton adds that this amount “must be increased by con-, 
ductional, kinetic, and surface losses not here evaluated" (ref. 8, 
p. 221). 
6. Let us consider mainly the cooling s expansion of gases. 
` Graton has computed this factor from the adiabatic 
expansion law for a perfect gas, but he writes (p. 217): ' 

“һе adiabatic fall in temperature of the gas, translated into 
calories, is redistributed to the gas ‘and melt, in. accordance 
with the weight per cent of the two phases.” Now this means- 
that the gas is supposed to cool the melt, i. e., to receive heat ', 
from it. Hence the expansion is not adiebatic in the first 
place. Furthermore, if the kinetic energy is’ disregarded ав 
well as the conductional and radistion losses and the change - 
-m potential energy required to lift the magma to the surface, 
then it is clear that the rising magma 1) loses no heat, 2) per- | 
forms no niechanical work and therefore expands at constant - 
internal energy. For & perfect gas expanding at constant' 
‘internal energy, there ismo cooling at all. , Ке 

On the other hand, if the kinetic energy is considered as 
~ indeed it should, then the pressure distribution in the conduit 
must be different from that assumed by Graton on the basis of 
hydrostatic equilibrium, because if hydrostatic equilibrium рге» 
vailed, there would be no movement and hence no Брена energy 
involved in the expansion. 
"1. . The actual-cooling resulting from fise expansion, taking 
; _ Kinetic energy into account, may be computed as follows. 
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и a fluid uum from а' pressure Ре to а pressure їз the 
change in оу is given by the familiar ator 2» 


г 
ia 2 
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Put С,=0 and suppose the expansion occurs з adiabatically. 
Then pov is constant and 
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Let us find the pressure ratio °° corresponding to a 


Po. 
maximum discharge c/o per unit cross, section. Putting 
ДЕ )/ (5 2.) =0 in n equation (2), we find =~ 
Ро 


E 

m (2 ут 

ют, Wi 

and the corresponding velocity С, is euch that 
: | ; 


©ошр v This is the velocity corresponding to the 


NUN 
goce yp | 
maximum discharge that can be obtained, whatever the pres- 
sure ratio P,/p. 


Assuming à pérfect gas КЕ Е | P 


where M is the molecular weight. . Put M=18 and Т,=1200°С, 
y71.8. Then C eo. 88 10^, ог C,—870 meters per second. 


The kinetic eT involved i in the expansion на 9. 4 grams of 
water is then . 
9: 4X0. 88 109 сив= = 850. cal. 


If this heat could. be ‘subtracted somehow from the 90.6 
remaining grams of melt, with an assumed specific heat of 0.3 


Е ` 850 5:2, 
cal/gr. 1°, the cooling would be aexis = =81° instead of 


à 
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814° ав computed by Graton. Furthermore, the cooling of : 
the gases would probably occur at a time when there would be. 
little opportunity left for heat exchange between these gases 
and the melt, and the expansion might thus have no шеша 
' effect on the melt at all. 

Thus, although the writer agrees that a certatu &mount of 
cooling may occur under certain circumstances, he sees по 
reason to assume 1) that cooling takes place necessarily, 2) 
^ that # amounts to several hundred degrees, 8) that these same 
gases which may cool as they rise have not exertéd previously 
'some heating influence connected pee with the formation 


of the magma itself. 


ES 
GAS/LAYVA RATIO. 


'8. A critical examination of the data leads Graton to con- ' 
clude that АМапо and .Friedlünder's computations con- | 
cerning the weight of gas discharged during the gas phase 

of the 1906 eruption of Vesuvius must be incorrect; in his 

opinion the eruption of more gases than lava (n weight) 
amounts to an impossibility. ' The present writer is willing to 
concede that this is the fact concerning Vesuvius because he 

Баз no direct knowledge of the case, but would Graton’s state- 

` ment apply to any volcano or to any magma? To be sure, the 

author hopes to have demonstrated that in the 1988 eruption . 

.. of Nyamlagira the total amount of gases discharged was only: 

`+ в very small fraction of the weight of lava (15) ; and the same 

may be true of the 1929 eruption of Vesuvius. But the writer 
has algo witnessed for several years the activity. of Nyragongo, 

-next neighbor to Nyamlagira in the Virunga, group. ` The - 

visible activity at this volcano consists entirely and solely in 

the permanent occurrence of glowing lava pools within the 
crater, and the discharge of a large volume of gases and уарог. ` ` 

- Observations are difficult because this vapor usually fills the. 

crater; yet the glow of the overhanging clouds et night, which · 
| has been observed continuously for over ten years, leaves nó 

' doubt as to the permanent discharge of volatile matter and 

` radiated heat. Since no lava is discharged outside the crater 

and no notable change in the lével of the lava within this . 

crater, the ratio gas/lava must be infinite. It is true that 

much of the gases may be meteoric water, but water vapor does 

not have the characteristic brown-blue color of the Nyragongo . 
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gases, EUN "— therefore be partly of шуй origin. It 

would appear thus that at some volcanoes and at some times 

the amount of gasés discharged may be considerably greater 
than the amount of lava. This’ would seem to conflict with 

Graton’s conclusions. 

The same contradictory behavior may be observed i in intru- 
sive magmas. Sills, even when intruded quite near the surface, 
are commonly surprisingly nori-vesicular. Many granitic 
masses have been intruded at such shallow depths that it is 
alinost certain, on the basis of Goranson’s data, that if they 
contamed a notable proportion of volatile constituents, they 
would have blown off their roof. If such were the case, we 
would expect to find quite frequently, associated with grahitic 
masses: 1) pyroclastic deposits, 2) rhyolitic extrusives or a 
chilled upper zone. Such occurrences are, to the writer's 
knowledge, quite rare, and he concludes theréfrom that the 
amount of volatiles in the magma must have been small, say 
one percent or less, От the other hand, certain magmas peres : 
contain very large quantities of water. 

9. There are several distinct. lines of evidence to this effect. 
One of these is the intensity of pyrometasomatic processes 
in the neighborhood of some intrusions. Amother line of 

évidence relates to what we know of the solubility of certain min- 

erals found in deposits of magmatic affiliation. Take the various 
copper sulphides for instance. Their solubility, even at 400°C, 
is apparently very small, of the order of 10 7? gram of copper 
per liter (8, 14). Consider now a medium-size copper deposit 
containing, say, 100,000 tons of copper. The amount of 
water required to dissolve all this copper is of the order of 10° 
liters, or 10% cm.® Taking the density of water vapor at its 
critical point as 0.3, the corresponding weight is 8X 107 grams, 
or about one tenth of the total mass of the oceans. The mass 
of the original magma would be, assuming a water content of 

1%, 8X10” grams, or one half percent of the total mass of the 

earth. Surely -соррег sulphide must have been transported in 

а more soluble form. But there is another line-of evidence that 

leads to figures of a similar order of magnitude. Douglas (1) 

has shown that the structure of some vein deposits indicates 

deposition under. condition of turbulent flow. . "This gives an 
idea of the velocity of mineralizing solutions as a function of 
the width of the vein; it would е according to Douglas, about 
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% em. рег ода for а vein 10 cm. wide. Take ateli a vein, 


. 10 meters in length. The section of this vein is 10* cm? and the 
discharge 5X10? cm.*/sec. Now Douglas believes that the . 

_ filling of certain veins may liave required several million years; 
this is also about the time required by a large-size batholith , 

under а cover 5 km. thick to cool through the range of tem- 


perature corresponding to hydrothermal deposition (9). , Then 
the, total volume of solution flowing through the vein is of the 


‘order of 5Ж10*сш8/зес X 8 10% sec-—1.5X10''em*, or 
- 45X10 grams. If there are only 100 such sinall veins con- : 
nected with & batholith containing initially 1% of water, the 


volume of this batbolith must have been 1.08510?" cm? (say 


„165 km. long, 100 km. wide, and 10 km. thick). 


10. Тһе implication seems to be that certain magmas contain 


a much higher proportion of water then 1%. The ^ 
actual figure might be closer to 100% than to 1%, . 
‘indicating that some “magmas” probably consist entirely of 
water and other volatiles, with small amounts of solute. In ` 


other words, there may possibly exist in the crust large masses 


' of fluids, impregnating, adsorbed on, and diffusing through, the 


crust, independently of апу silicate melt. The igneous intru- 


sions associated with certain mineral deposits are not neces- ' 


sarily the,origin of these deposits, they might be in some. cases 
simply & by-product of the procu through which these 


‘deposits were formed. | 


CHEMICAL REACTIONS. 


to doubt, in the face of the evidence that had accumulated 


‘at that time, the potency of volcanic gases as heating | 


agents. The pendulum has now apparently swung back, and 
Graton, following Shepherd (12), concludes that exothermic 
reactions fail as a source of volcanic heat. The arguments are 
both: qualitative and quantitative. They appear convincing 
enough, and it seems clear that the reactions considered are not 
responsiblé alone for volcanic activity. Some objections could 
perhaps be'raised to points of detail. But the main question is: 


have the proper chemical or physical reactions been considered? ' 


12. To be sure, the present writer himself has conéluded from 
a systematic and extended series of temperature measure- 


ments that the thermal effect of burning. gases was slight ` 


п. Tt sight have appeared rather bold, 15 or 20 years ago, | 
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at Nyamlagira in 1988 (15). But he obtained at the same 
time spectrographic recordings of the volcanic flames which 
showed the occurrence of several N? ‘bands: with high excitation 
energies which are as yet unactounted for. One plate revealed 
also very faint bands of an unidentified substance which is 
known to occur in comets. These observations lead one to sus- 
pect that our knowledge of voltanic gases may possibly be only 
an embryonic one. Anyhow, the fact that no reactions are 
known which could provide much energy at the surface does 
not imply that other reactions (2H —> Н,, 2N — N3?) do not 
occur with important thermal effects at some depth. 

13. А further. indication of a knowledge insufficient to war- 
rant any statement concernmg chemical energy is pro- 
vided by what may-be called the water problem. Mag- 

matic gases seem to consist dominantly of water. Now, as 

will be shown in the next section, water is precisely one of the 
most difficult elements to account for in the outer portions of 
the Earth. 


- THE WATER. , PROBLEM. | 


14. h the first place, if magmas result from set dig of 
crystallized rock (вее $ 19 the objections to the hypothesis 
of a molten, glassy layer im the crust) the amount of vola- 

tiles set free in the process of melting cannot be greater than 

the amount previously held in. the rock. This amount would 
be, according to Shepherd (12), around 80 cc of gas at 1200°C 
and 760 mm. or, roughly, 0.5 percent, and would agree with 
the amount discharged at some volcanoes (15). But it would 
‘not agree with our conception, based on evidence outlined in § 

9, of occasional and exceptionally water-rich magmas. An 

independent origin must be provided for. &his water, just as we . 

must provide an origin for а number of less common metallic 

constituents that could hardly be accounted for if magmas 
result solely from remelting (see $ 19, d). The problem is also 
connected with that of the origin of the oceans. 

18. > There are indeed reasons to believe that the crust 454 the 
mantle may have been originally entirely water-free. Such | 
is the case for most, if not all, meteorites. It has been 

frequently pointed out that when the earth was gaseous it 

would have been unable to retain molecules with a ‘thermal 
velocity greater than the velocity of escape from its gravita- 
tional field and would thus have lost most of its lighter con- ` 
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еван. ‘Teftreye (reference 7, p. 147) accounts in this man- 
ner for the scarcity on earth of elements such as Xe and Kr 
which, being unable to become fixed in any heavier-combination, - 
. would have been’ lost by diffusion into space. This: would 
hardly appear probable, because if elements as heavy as Xe 
(180) were lost, then practically all the major constituents of 
` the earth such as Fe (56) and 510, (60) would have been lost 
also and there would be no earth at all? On the other hand, 
“Jeffreys (reference 7, p. 812) quotes Jeans to the effect that а · 


gas with a mean square velocity of 2.5 km/sec would loose ошу, 


"one half of.its amount ‘in 2.10° years, which is a much longer 
time than it took the surface of the earth to cool down to its 
melting point. As the mean square velocity of hydrogen at 
280° K is 1.9 km/sec. Jeffreys concludes that the Earth’s — 
gravitational field would have been sufficient to keep. control 
of even the lightest elements of the atmosphere. 

Now the rate of “evaporation” of the atmosphere into space 
should be proportional to a) the mean velocity u of its mole-- 
cules, since all the molecules within a‘ distance u from the. 
evaporating surface and moving towards it will cross it within ` 
a second b) the ratio o of the evaporating surface to the total 
volume of the gas с) the fraction В of the molecules which have 
a velocity greater than thé Ма of escape from the к 


tional field te = (26м ) where G is the о € | 


stant, М and R are the mass and ‘radius of the Earth and d) 
possibly a dimensionless numerical constant n which, as most 
numerical constants, is probably of the order of 1. Then we 
write ‚ : 


where N i is the total number of часна in the atmosphere, 
. and the time in which half this number of molecules will have 


| evaporated into space is ` 


* + нон = 


2 It appears that the specific heat ratio for the gaseous earth cannot have 
been: smaller than 4/8. The gas consisted thus essentially of mono-and 
di-atomic molecules. 


x APER -- > ч 
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5. "n H ` А ‚у 


‚ ^ Voléaíie/Heat.. 0. ББ 


The fraction В may be computed, assuming а Maxwellian 
в. distribution and в ` - 








p= mee tees as 
| Á » #=К =.) CHE, | 
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where К is Boltzmann’s constant, m the mass ‘of a molecule and 
v ite velocity. зи that 


"= = (== A qe EIER RUE SY (6) 
m 
we have finally | У 
. 2. . 8 ОБ . 
8=1.88 5, 2 ч? tino 22600 ae escasso .. (7) 
uw А , 
d Bs —x? 


erf (x) being the usual error function ya ves e dx, For 


_u=2.5X10° cm/sec and V;= :11.28X10" cm/sec we find 


Be3,5107'' . Assuming &n а 70 km thick, о is 
14.45 Х 1038 спг and i 


aN 


Fr 1. 26X10-"nN — 


| б = 10 18 se 


Д .88X 10% | 
or about LEID years. t 


Let us see now what would happen in in an entirely gaseous earth . 
ata temperature of, say 6000°K. We suspect at once that the 
half life Ө. will be much smaller than 10° years, because a) 
u would be larger and b) v, would be smaller, the radius В, 
being greater in the gaseous state than in the solid one. Now 
it is clear from (7) that B and hence 9% are very sensitive to 


` the ratio re Expressing va as a function of s supposing 


Н 
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the : mass M to be constant, and и (1-erf), vids isg 
small compared to the other term in В, we find . 


` 1.1858X10 ` 


8 | ^ 
9щеб. 95x10 хе WR disse (8) 


' For water vapor at 6000°K, u=2. 88 108 cm/sec. ' Бытов 
that the radius of the gaseous earth was twice the present one, 


_· corresponding to a. mean density of 0.69 g/m» Then 


дн; =2.107 sec, or less than a year. Thus if the earth has ^ 
remained for more than à year in this gaseous state, it is 
probable that it has retained, at least in its outer portions, 
only a smail fraction of the water vapor that it may have con- 
tained originally. It appears also that it could have retained 
only a small proportion of gases heavier than water, such as 
nitrogen or oxygen, 9x for oxygen being 8.5Ж10? years. 

"The whole matter is rather uncertain because it remains to 
be seen whether the actual radius was twice thé present one 
when the mean temperature Ты was 6000°K. The radius for an 
“Emden” model with polytropic index n and mean molecular 
weight Е is t 2, p.88) 

ЕСМ 
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Remembering that u? =ЗЕТ T nd that о = вам кеа 


the half time of a gas siti ет weight p the ene 
simple ано K.a 


. s t, p | 
у а : | 6, = абло" Rie ЕЯ аар (10) 


where 618 a function of R and E р only {й being id takei 


as 3). . 

Suppose we start. swith, an art » with the mass of the 
present one and а mean density equal to that of the sun (1.41). 

"Then we find that gases with a molecular weight twice the aver- 
age could have been retained only if the earth remained in that 
· state for a matter of a few hours at most. Actually the earth 
must have expanded quite rapidly when it escaped from the | 
suns powerful gravitational field so that our result is not 

improbable. We really should have taken into account the 
surface temperature rather than the mean temperature, but 


'".. Volcanic Heat. ^ ^ TB 7 


there is no means of calculating the former quantity. We feel 
certain, however, that when the crust of the earth. began to 
form, its atmosphere contained practically no water and 
probably neither nitrogen nor free oxygen. АЙ the oxygen 
present at that time must have been tied up in the form of 
heavier molecules, such as MgO, FeO, or SiO,.' 

At 1000°C, Ње: mean square: velocity of water molecules is 
1.88X10° em.sec-^, and since at this temperature the earth 
would be entirely condensed its radius’ would be very close to 
the present one. . From that time on, water would have been 
retained almost indefinitely. This has led Jeffreys to suggest 
(op. cit., p. 812) that even if the present atmospheric gases 
‘had not been retained from the primitive earth, they might 
have been supplied since by voléanic action. 

In the first place, the contribution. of volcanoes to the oceans 
is at present very small. Taking the figures of § 4 for the 
amount of lava erupted wince the close of the Precambrian and 
supposing that the lava contained 1096 of water, a-very high 
amount indeed, we find for the total amount of water dis-' 
charged through volcanoes a maximum of 10? gr., which is 
only & small fraction of the mass of the oceans. "These figures 
do not suggest that volcanic activity on the usual scale could 
account for both the earth's atmosphere end hydrosphere. 

On the other hand, if the atmosphere contained no water at 
the time of solidification, the rocks formed at that time would 
contain very little or none, and volcanic activity originating 
entirely in the solid portion of the earth could provide no more. 

Since the oceans obviously exist, the suggestion presents 
itself that their water must have originated i in the deeper parts 
of the earth, i. e, Ње core. It із possible that they were 
formed by diffusion from this core of water and/or hydrogen 

‘which would have.been retained in the central portion of the 
gaseous earth because 1) the escape velocity would be greater 
at the center than at the surface by an amount depending on 
the distribution of gravity with depth 2) the process of difu- | 
sion from the center would apparently be slow when ора 
to the rate of “evaporation” from the surface. 

* An alternative suggestion 1s that the major planets may have picked 
‘up their atmosphere as they revolved through the gaseous medium formed 
by evaporation from the initial gaseous filament (ref. 10). This hypothesis 


would hardly account for the difference in composition of the ee 
of the various planets. А 
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Now diffusion may be roughly expressed by the relation 
x?=2Dt, where x is the mean square, distance travelled in time 
tby the diffusing molecules and D is а constant.. For gaseous 
diffusion through solids at normal temperature D is usually of 
the order of 10-8 cm? sec. Thus for t—10* years, x is of 
the order of 10° cm. only. D increases usually very rapidly 
with increasing temperature, so a faster rate of diffusion could 
be expected in depth, but diffusion through the upper mantle 
would be slow and could probably not account for the forma- 
tion of the oceans in the required time unless № were helped by 
convection currents or movement along fracture planes. 
16. The suggestion presents itself that diffusion, possibly 
helped by convection in the mantle, may still be going on 


at the present time, and that № might be responsible for | 


the continued volcanic, magmatic, and metallogenic activity on 
the earth. Clearly all volcanic activity cannot be attributed 


to this cause, because such a cause would not exist on the moon, ` 


which shows nevertheless signs of intense volcanücity in the past. 
But volcanic activity appears to have ceased on the moon and 
it seems possible that it would have ceased also on Ње earth 
at an early stage of its” history, were it not. for some cause 
which does not exist on the moon and which must therefore, 
. most probably, be located in thé earth’s core. 

_ The present writer feels that the problem of the origin of 
- magmatic water has not received so far a sufficiently thorough 
treatment and that, accordingly, the statement that: chemical 
reactions have nothing to do with volcanic activity appear to 
E insufficiently substantiated as yet. 

INTERNAL HEAT. 


‘17. The alternative to chemical energy ‚аз a cause of volcanic 


activity is, in Graton’s views, to rely on “internal heat." . 


What is meant by this is not quite clear to the present, 


-Writer; he takes it to be the thermal energy stored up in the 
depths of the Earth and evidenced by the prevaihing tempera- 


ture gradient. It remains to be seen how this energy could be 


made available for our purpose. | 

18. Daly фаз put forward the hypothesis that there may exist 
at moderate depths (about 60 km) a liquid basaltic layer 
behaving, because of the prevailing pressure, more like a 

_ ‘glass than like a true liquid. Daly has given much evidence in 


support of this hypothesis, the main argument being that the, 


~ 
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unity of volcanic action and the repeated recurrence in time and 

space of eruptions of predominantly basaltic character point 

to & uniform, worldwide source for all magmas. The existence 

of molten magma at moderate depth would of course provide a 

very simple way of transferring “internal” heat to the surface. 

This hypothesis, however 18 not SIpporied ay the evidence at 
present available. 

19. а). The problem of obtaining i in. this layer the required 
‘viscosity and rigidity is a diffeult one. It is true 
that Bridgman’s well-known experiments have indi- 

cated that viscosity rises rapidly as a function of pressure, but 

these same experiments indicate also that when the temperature | 
and pressure are raised simultaneously ёо as to keep the volume 
constant, the viscosity as a rule decreases. Let us see what 
this means when applied to a basaltic liquid under the con- 
ditions postulated by Daly (pressure 17,000 bars, temperature 
1200°C.). "The temperature-pressure gradient corresponding 
toa constant у шеа is such that 


| aT x 
ар а 
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where x:is the compressibility and a the thermal expansion. 
Put a-85X10 5, x-1.46X10 ?.,'and dP=1.7X10*; then 
dT —'700?C. ,This means that the viscosity of a basaltic liquid 
at one bar and 500°C. is, if anything, greater than its viscosity 
at 17,000 bars and 1200°C. Now the viscosity of basalt at 
500°C. is probably of the order of 10” or 1013 c.g.s.; thus the 
viscosity in the- basaltic layer, being less than. this, is not con- 
sistent with the viscosity, of the order of 10% or 10”, required 
by: the geological time-scale for isostatic adjustments (8). 
b). -If this basaltic intermediate layer is to be liquid, its tem- 
perature is by definition higher than its melting point at 
the prevailing pressure, and thus considerably (about 800°). 
higher than the melting point at atmospheric pressure. Tak- 
ing into account possible effects of the expansion (see $ 7) it 
appears that a basaltic magma originating in this layer would 
reach the surface with a certain amount of superheat. Now 
one of the very few valid generalizations in Yolcanological 
science is that the temperature of eruption is always within the 
melting range corresponding to the given lava; as indicated by 


actual measurements (16) and the almost universal occurrence 
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of phenocrysts of intratelluric origin; there are, as yet, по’. 
known examples of superheated lavas. . 
.c). Available thermal data do not seem to indicate that the. 
melting point of basalt may be.reached at depths where: 
the composition, judged by seismic data, may be basaltic (see, 
for instance, ref. 4, p. 483). 
d). There may be insuperable difficulties in в to 
‘derive all known magmas from a single, common source. 
One of these difficulties lies in the principle of petrographic and 
‘metalbogenic provinces. If all magmas originate in one layer, 
why should they be different? Various mechanisms of differ- . 
entiation may account for some variation, but why should any 
one méchanism operate in a great many instances in a given 
region, and rarely elsewhere? Local conditions; and notably 
_ the composition of the crust may control to some extent the 
“final composition of magmas, but it would remain difficult to 
explain the recurrence in geological times at the same place 
of magmatic cycles of different affiliations. Furthermore, 
although local conditions might control, by. assimilation or 
. otherwise, thé composition of magmas as far as certain common ^ 
‘elements are concerned, why should rarer elements, such as tin 
for instance, become concentrated in a small number of granitic 
intrusions, the majority of such intrusions being, for all prac- . 
tical purposes, devoid of this element? If it is contended that: | 
these rare elements existed in the crust previously to the intru- 
sion and were merely picked up by the magma on its way up, 
| “then how are we to explain the occurrence of such rare elements . 
' only in the eecond, or third major magmatic episode in a given . 
region? Local conditions of crystallization could hardly be ' 
` called upon, for we find tin associated with other more common - 
minerals, indicating that the conditions which prevailed at the . 
time of tin deposition were similar to those that have obtained 
in a great many tin-free deposits. 

In the writer’s mind such facts can hardly be explained on 
the assumption that all magmas are derived from a common . 
uniform layer; it seems more probable that they must have ` 
several parents, variable in origin and composition. 

20. Whatever the readers decision on the subject of а | 
“liquid” layer may be, it remains that some manifesta- 
tions of volcanic activity may be Е as nesting А 
NEC fom local melting. 


' Volcanic Hi eat. . | ‚761 


у "Ав has been mentioned ‘before, the не saan 
of lava flows invariably seems to be lower than the meiting 
point, in the melt considered, of the- most refractory mineral 
or minerals which may result from the crystallization of the 
lava. This fact may be interpreted easily if lavas result. from 
some process of crystallization differentiation, but would not 
apply to the parent (basaltic?) magma itself (вее, $ 19, b), 
The same relation would occur if the extrusion of lava at the 
surface resulted from. the volume increase (about 10%) 
attendant upon melting. A 
b) That an actual dilatation of the volcanic edifice does occur . 
before an eruption has been shown instrumentaly at 
Kilauea and by the movements of the shoreline at Vesuvius. 

At the beginning of the 1938 eruption of Nyamlagira, a 
rift was formed, about 600 meters long and roughly concentric 
to the crater, but somewhat lower down on the slope of the 
volcano. ‘The inner side of the rift was pushed up and the 
outer side depressed, the total displacement amounting to sev- 
eral meters. Аз a result of these movements, the average 
slope was slightly reduced above and beneath the rift. · This 
fracture is believed to have resulted from previous warping. 
‘Now’ the writer has observed at many other places on the vol- . 
cano that rather steep slopes alternate with more gently 
inclined terraces, seven such steps, being conspicuous notably 
on the south-western side of the mountain. It would appear 
thus that on several occasions the mountain swelled to an extent 
greater than could be taken care of by the elasticity of the 
structure. Rupture occurred, corresponding perhaps stiper- 
ficially to the formation of cone sheets at greater depths. 

Such a swelling could hardly be accounted for by gas pres- 
sure, because of the eminently porous structure of volcanoes. . 
The alternative suggestion is that the magma itself must have 
been expanding, as recorded at Nyamlagira by the gradual rise 
of the lava level in the crater during the years that preceded . 
the eruption. "This expansion might result from local melting. 
21. Although it is clear that some magmas must.have origi- 

` nated at great depths, there seems to be much evidence 

indicating that the “reservoir” of a volcano mag be 
located at very shallow depths. 
a) Erosion in the Tertiary volcanic districts of Scotland 
revéals lavas at present lying at the same leyel as the 


Ам. Jove. Scr—Vor. 244 No. 11, Мотемвев, 1946. 
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“roots” of the, volcanoes from which they were erupted and 
which consist of а complex of plutonic rocks (frequently ring 
dykes) and agglomerates corresponding doubtlessly, to: volcanic 
vents. The depth at which cone sheets would converge, and 
which indicates the position of the top of the magma reservoir, 
is at most a few kilometers. 
b) Nyamlagira and. Ny yragongo are neighbors i in the Virunga 
group; their craters are only about 12 km. apart. Their 
lavas, although overlapping at some places, are easily dis- 
tinguishable because Nyragongo products invariably contain 
nepheline and/or melilite, which are conspicuously absent from 
the Nyamlagira lavas. ` Clearly, each of these volcanoes has ап 
. independent reservoir, in which different reactions are taking 
place.. If these reservoirs were very deep, the channels leading 
upwards would undoubtedly communicate at various levels, and 
mixed types of lava would be found. |, | 

c) Rittmann, (11) from a ‘study on assimilation and on the 

nature, of ejected blocks, concludes that the top of the 

magma ‘reservoir at Vesuvius is at а depth of no more than 6 
‚ km.* . , 

‘Ш we compare this evidence for the generation, or at least 
for partial generation, of magmas very near the surface with 
the existing evidence that some magmas rise from greater 
depths (see, for instance, the evidence brought forth by the 
inclusions in diamond-bearing kimberlites) we come to the con- 
.  elusion that magmas are formed at various levels in the earth. 
"Tf, this be true, them the temperature gradient is probably of 
little or по’ importance, and some factors additional to pure 
-t There might be а rather simple means of testing this hypothesis of 
superficial melting. For suppose that magma is generated at a shallow 
. depth within the crust and that it rises to the surface mainly because of 
the, density difference between lava and country rock. Then it is obvious 
that the absolute height reached by the lava should depend on the amount 
‘of epelrogenic rising suffered by Ње’ crust, including the magma reservoir, 
Thus, if our hypothesis is correct, the altitudes of the summit of all con- 
tinental volcánoes, plus or minus the amount of rising or lowering of thé 
crust since the beginning of volcanic activity, should cluster around a medn 
value which could be used їо’ find the average depth of the focus. ‘The 
average. for oceanic volcanges should be different, because the density of 
water is less than that of the crust. 

For instance, the tteméndous altitude reached by some Andes volcanoes 
could be explained more easily if the source of the magma had risen 
by the same amount as the surface on which the voleanoes are built: 

. The geological and physiographical data required for the suggested com- 
pilation are unfortunately not available to the writer at present. , | 
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“internal” heat must be sought for. . This suggests again a 
multiple parentship. Diffusion from the inner core has already 
been mentioned аз one of these “parents” responsible mainly 
for magmatic water, less common metallic constituents and 


possibly’ a large part of volcanic energy.. An additional fac- 
tor gay. be just, chance. | 
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22. ‘Let us pause for a moment and CET briefly the results 
obtained so far. They all seem to point to randomness : 

‚ the water content of magmas varies between wide limits, 
rare elements are distributed most unevenly, magmas appear to 
originate at various levels in the п and, furthermore, the. 
location of volcanoes is quite ir г It is true of course | 

. that many active volcanoes are cateii in orogenic or tectonic 
belts, but some orogenic belts'are not volcanic (e.g. the Alps, 
Himalaya). “Plateau” ‘eruptions, which are the most striking 
volcanic phenomena ' we know, occur more ог less at random in 
undisturbed regions and at times of relative tranquility. "This: 
would appear to exclude any tectonic factor, such as frictional 
heat, as a main cause of. volcanic activity. The distribution | 

_ of volcanoes in time seems to be quite random also. | 

Obviously, nothing can be gained by attempting to plas 5, 
all volcanic activity in terms of a single magma endowed with. 
more or.less standard properties which may. well be а; erestion 
of ; petrologists : rather than of Nature. 

Tie present writer believes that this very randomness 'and 
diversity of volcanic and magmatic action is one of its most 
striking features. Diversity could be explained by assuming 
that several factors of variable relative importance contribute 
to the process. Hondomuees mure that there must be an 
element of chance., 

As the connexion bebween eas kad dae might appéar 
rather obscure at first, it may be useful to indicate roughly 
‚ what relation might exist between probability and, say, melting. 

28. Remembering . the facta. presented in paragraph 4, the | 
following question may be raised: could. there be a proba- 

‘bility of the order of 107? or 107 of the occurrence of 
local temperature deviations from the mean in a given ayes 

‚ sufficient to explain Toate воме 
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What is meant by this may be ma 
analogy. If we mix two: liquids consisti 
molecules and stir properly, the mixture w 
pink color. Suppose now we take smallei 
of this liquid; when we come down to sa: 
molecule, each of these will be either red'o 
А sample the size of two molecules migb 
. pink. A sample the size of ten molecules 
ent shades of color, including red and whit 
for the occurrence of extreme deviations f 
would of course be much smaller than in 
sample. | 

In the same manner consider а gas 
temperature but a certain distribution of 
molecules. Suppose we consider a very 
gas containing by chance only molecules п 
greater than the average; we would the 
temperature of this part of the gas is g 
temperature of the gas as а, whole. 

The problem is one which is dealt w: 
. theory of fluctuations. The basis for tl 
known principle that the probability of ‹ 
oo 5 у Ең 

with energy Ei is proportional toe кт 
result that the pd f(x) that а 


. take a value x is 


EL a "pem 


.where æ, is the mean value of 2 and a is the 


; 2 gs 
ee: аЕ -ri 


a ce 


RKT ах? dx' 





k being 1.379 10738 erg/1°, Е and S 1 
internal energy and the total entropy of tb 

. square deviation (x—x,)3 is (see, fo: 
24. Suppose now that x is the temperatu 
of the crust with mass M, energy Е 
‘unit mass. Suppose we want to finc 
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for a deviation of, say 200°C. from the mean. Then we must 


have | 
ek 4 
ay oe HO 
or 
а ~ 4.510 + ' 
Put Т=1000°С. and M=10" gr. Then 


aE 415 zn) 
45. rt ug 
dT? - aT? 


a quantity во small that for all practical purposes 
DES „095 
im T dct e n (18) 


Since we are interested in fluctuation in а given layer, i. e., 
at constant pressure, we find from (18) the condition 


T aT*/ 
or 
Cp dCp = 
Ф 4. p (20) UR T (14) 


If there exists a layer for which the pressure and the specific : 
heat satisfy (14), we may expect to find in this layer important 
° statistical deviations from the mean temperature. 


2 
For most solids (ae 


) is positive, so that c, decreases with 
dT^/, 
increasing pressure. 


а). Suppose in the first place that this decrease is linear, and 

let Р! be the pressure at which C, becomes О. Bridgman 
(Phy&es of High Pressure, p. 175) estimates that this pres- 
sure would be of the order of 10% or 10? bars for most metals. 
We write then 


Ce =C} — E P 
where C, is the specific heat at zero pressure. Then 


ac), = — Сро . 1 qve 
(22 > p and relation (14) is satisfied for а pressure 


which is of an order of павшна? that is probably not obtained 

in the mantle. | 

b) Suppose now that C, decreases usus more rapidly than 
linearly, then more slowly. For the sake of convenience, 

let us write 


Ср = Ср' e CE | 


which gives C, —O only at infinite pressure. Then 


d — —aP d 
m). == vcre and (14) is satisfied if 


P= 1 

а 

If С, decreases by 5 per cent-in the range 0—10.000 bars, 
then a=5 10^? and P= 2. 105, на аш to a depth of about 
600 Km. 

ЕС, decreases by 5 per cent in the range 0—1000 bars, then 
Р=2. 10*, corresponding to а depth of 70 Km. or so. 

This supposes that C, is a function of the pressure only. 
If the thermal gradient i the earth were taken into account, 
the pressure that would satisfy (14) would probably be greater 
than if the temperature effect on C, is omitted. 

25. The problem we are interested i in is not only one of tem- 
perature, but also one of heat; we-want to find not-only 
hotter masses but also molten masses. The best way to 

do this is to consider entropy fluctuations rather than tem- 

perature deviations. 

The equation corresponding to (18) is then very 915 


Д (22), cu ЖОГУ (as) | 


This leads to the relation 


ые] 
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or, remembering that the thermal expansion а is defined as 


1 mi -E (C) р зы (16) 


where p is the density. 

To find the order of magnitude of P, we suppose that C, 
varies roughly by one half for a temperature change of 1000° 
(for instance. from 0.2 cal/gr.1? at 0°C to 0.8 cal at 


1000°C). The x2 ie equal to in and is of: the 


order of 1 in the upper mantle. Then P= Lo 5 Neither 


Ср or а are known as a function of depth, but if we take the 
surface value p=8, C,—0.8 cal/gr.1°, «—2.5X10 5, we find 
P-7.5X10* bars. It does not appear entirely impossible that 
statistical melting might occur aed in the depths of the 
mantle. 

The reader must be reminded that, according to equation 
(11), the probability of a given deviation above the mean is the 
same as that of a deviation below the mean. This means that 
heat keeps on flowing from one part of the system to another, 
the average temperature remaining constant. Now if melting 
occurs and if, because of gravity, the liquid portion begins to 
rise, then equilibrium is disturbed and the Iayer tends as a 
whole to lose heat. This is roughly what happens also in a 
gas containing molecules with a thermal velocity greater than 
the velocity of escape from the earth’s gravitational field: the 
faster molecules escape and the gas as a whole must loose heat. 


26. We may be interested also to find, by the same method, 
the fluctuations in compasion that "E be expected in 
a solution. 
If n, is the number of moles of component i in а given volume 
: | i 5 
of the solution, remembering that (s; == ne )= > ‚ wé see from 
(12) that the fluctuations at constant temperature and vol- 
ume become infinite if 


ae mos у : 
(55 )r, i =“), Е (17) | 
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Now (17) may be written 


d (po _(d?F m йн) = р 
4 wid TS) T,v -(£22 , = (“= Т,» =0 ARI . (18) 


pi being the chemical potential of i. Now the condition 


dp; P Vus А d . 
(#) =O is the usual condition expressing that component i 


is becoming immiscible in the solution. This is precisely what 

we might have expected: composition fluctuations become very 

great when a critical mixing point is reached, since at this 
‘point the solution breaks up into two phases of different 
composition. 

27. Lest the reader may ria that we have азва а mathe- 
matical fiction unrelated to any real physical process, it 
may be necessary to explain more clearly what the physi- 

cal principles are. | 

The example of paragraph 26 shows that the condition 
a=O really has а physical significance. We may give another 
familiar example: the density fluctuations in a gas. The den- 
sity of a gas may be defined ‘by the number of molecules in a 
given volume. Now the molecules in a gas are constantly 
moving, so if we consider a very small portion of the gas, we 
cannot be sure that'the number of molecules in this volume 
wil be the same а few moments later, nor can we be sure that 
this number would be the same in another similar volume some- 
where else in the gas. Thus we may expect quite naturally 
that the density of any very small portion of the gas will 
fluctuate both in space and time. If we attempt to estimate 
these fluctuations by equation (12), we find that they are 
exceedingly small except in one case: they become very large if 
the gas is at its critical point. This is what wé should expect 
without any reference to mathematics: at the critical point a 
gas is really neither a gas nor a liquid, but both at а time. It 
behaves much as ап emulsion of liquid in gas, and the density 
fluctuations are evidenced experimentally by the well-known 
opalescence of critical fluids. Again in this case our ргофа- 
bility has а very definite physical meaning. 

"Temperature fluctuations may be explained physically i in the 
same manner. The molecules of а solid at a given temperature 
are vibrating, but the vibrational energy is not the same for all 
molecules. There is a certain distribution just as there is а. 
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velocity distribution among.the molecules of а gas. Some 
molecules have higher energies than others, but the same mole- 
cule does not retain indefinitely its high or low energy. This 
energy is constantly flowing back and forth, and when we say 
that a solid is in thermal equilibrium, we merely state than on 
` the average the heat flowing in one direction is exactly equal to 
the heat flowing in the opposite direction. This does not mean 
that a very small portion of the solid does not take up at one 
time slightly more energy than a neighbouring portion. Con- 
sequently its temperature may be slightly higher. In particu- 
lar, if the specific heat is very small, any infinitesimal flow of 
energy from one part of the solid to the other would result in 
very large temperature differences. Equation (14) shows that 
the same situation would occur even if С=О, provided there | 
exists a certain relation between P, T, C, and its pressure 
. coefficient. 

Equations (14) and (16) express thus merely the condi- 
tions under which notable fluctuations may occur; if these 
“critical” conditions are fulfilled, the probability of notable 
fluctuations is great. "Now if this probability is great, we 
should be very surprised indeed if the event did not materialize 
at least once in a great many trials. For instance, if we con- 
sider a “unit” of lava and the crust which consists of 1079 such 
units, we feel sure that at least one of these units will show 
е deviation we are looking for, provided Из probability is 
great enough or, in other words, provided equations (14) or 
(16) are satisfied. | 

What we want to point out is that, even at equilibrium, and 
provided certain conditions are fulfilled, a small part of a very 
large mass may be molten although the mean temperature of 
the mass is below its melting point. We are not prepared to 
state that this is a cause of volcanic activity, but what we wish 
to emphasize very strongly is that under certain circumstances 
it may be dangerous to infer from a given property (e.g., tem- 
perature) of a large mass (e.g., the crust) that each and every 
microscopic part of this mass (e.g. a lava unit) must have 
exactly this same property. There shall always be “flaws” 
which may become important when certain conditions are 
reached. This does not necessarily transgress ithe laws of 
thermodynamics: when a system is бп equilibrium we state that 
its entropy as a whole is a maximum for a given energy and 
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volume, but we'do not state that the entroples of all infinitesimal: 
parts of the system are equal. 


CONCLUSION. 


28. How this notion of small-scale heterogeneity could be 
translated into a workable model of a volcano is precisely 
one of the problems which this paper intends to present - 

and not to solve. What the writer wants to point out is that 

volcanic activity is 

a) a small-scale, almost insignificant, phenomenon when com- 
pared to the earth as a whole | 

b) а process that is extremely diversified and more or less 

random, both in space and time. | 

. It follows from a) that we cannot expect to find a reasonable . 

explanation of volcanic action before the essential processes 

occurring within the earth are known with much greater pre- 
cision than at present. No one would give any weight to the 
last cent on a balance sheet if the number of millions is imper- 
fectly known. It follows further from b) that there must be 
more than one factor involved and that it is probably useless to 
attempt an explanation of volcanic activity by referring 
exclusively to our standard, rather rigid, concept of a magma. 

The writer has suggested two possible factors: diffusion from 

the core and local, small-scale, random deviations of various 

physical properties from their mean value, these mean values 
` being the only ones accessible at present to our investigations. 

' The picture that suggests itself as a possible outcome of this 

discussion might be something like this: a) random occurrence 

of “flaws” at an appropriate level in the mantle; rise by gravity 
of the molten masses which might, because of their relatively 

high density, be unable to rise into the crust; transfer of ‘heat . 

from these molten masses „to ‘the surrounding rocks at their 

place of rest;local generation of gas-poor magmas b) diffusion ` 
of ionized and atomic elements from the core, 1n connection or 
not with the rise of molten masses; physical reactions genera- 
ting heat (and water ?) presumably at the level where intra- 
crystalline diffusion ceases and free movement in pores or along 
fracture planes begins; chemical reactions with surrounding 

' rocks and local generation of gas-rich or entirely gaseous 

“magma”; ore deposition c) all combinations of а) and b) in 

variable proportions. 
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Tt is believed that investigations along these lines, whether 
or not they substantiate the present hypothesis, might provide 
a useful approach to the subject of volcanic activity. 

In conclusion, the author wishes to express his best thanks 
to Prof. A. Holmes, who has read and criticized the manuscript 
and made important comments and suggestions. Full respon- 
sibility for controversial statements rests with the present 
writer. 
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DROWNED ANCIENT ISLANDS OF THE 
PACIFIC BASIN.* 


H. H. HESS. 


ABSTRACT. Some one hundred and sixty, curious, flat-topped peaks 
have been discovered in the Pacific Basin between Hawaii and the Mari- 
anas, They appear to be truncated volcanic islands rising about nine to 
twelve thousand feet from the ocean floor. The flat summit levels gen- 
erally range from three to six thousand feet below sea level. Some less 
well-developed ones are deeper. The flat upper surface 18 commonly bor- 
dered by a gently sloping shelf a mile or two wide. The summit surfaces 
are apparently not all of the same age since adjacent peaks may have flat 
tops which differ in elevation by as much as a thousand feet, though in 
some cases groups of peaks do have the same elevation. The relationships 
to atolls of the Marshall Islands group indicate that the surfaces are older 
than the atoll formation. An hypothesis is tentatively advanced suggesting 
that the summit surfaces are very old and possibly represent marine 
planation surfaces in a Pre-Cambrian ocean in which reef building organ- 
isms did not exist. It is suggested that the present depths of the surfaces 
may be accounted for by the relative rise of the ocean surface as a result 
of accumulation of sediments on the floor. Thus the deeper the surfaces 
are the greater their age. 


Part I. DESCRIPTION. 


LARGE number of curious, flat-topped peaks have ‘been 
discovered scattered over millions of square miles in the 
Pacific basin. These peaks are roughly oval in plan and their 
slopes suggest volcanic cones. The remarkable feature about 


them is that they are truncated by a level surface which пож · 


stands approximately 750 fathoms (4500 feet) below sea level. 
For convenience in discussing these submerged flat-topped 
peaks which rise from the normal ocean floor, the writer will 
henceforth call them “guyots” after the 19th century geogra- 
pher, Arnold Guyot. 

Betz and Hess (1942) discussed the major features of the 
floor of the North Pacific. This was in the nature of a broad 
areal reconnaisance of the largest features of this extensive 
region. Since 1942, Hess has spent two years at sea in the 
western Pacific and has thus had the opportunity to fill in 
some details which bring to light many'new relationships and 
necessitate some modification of ideas originally set forth. The 


* Presented before the Section of Tectonophysics, American Geophysical 
Union, in Washington, D. C. on Мау 27, 1946. . 
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data presented іп this paper were obtained on random traverses 
incidental to war-time cruising on the. 0.5.5. Cape Johnson. 
What passed beneath the ship was recorded but it was not feas- 
ible to investigate further such interesting features as were 
encountered. Nevertheless it is evident that much information 
can be obtained on the geological history of an oceanic area by 
judicious use of available techniques. It is a vast and 
intriguing field for research under more auspicious peace-time 
conditions. | 


SCOPE OF PRESENT INVESTIGATION. 


From random sounding traverses across or merely grazing 
guyots an attempt will be made to construct a picture of their 
physical features. The data collected on the cruises of the 
Cape Johnson have been supplemented by soundings obtained 
from the files of the Hydrographic Office, U. S. Navy. The 
origin and age of the flat upper surfaces of guyots represent 
the main problem of this paper. Secondarily the relation of 
guyots to atolls of the northern Marshall Islands will be 
discussed. 


AREAL DISTRIBUTION OF GUYOTS. 


'The distribution of known and suspected guyots 18 shown in 
"Fig. l. Roughly they are known to occur north of the Caro- 
lines and east of the Marianas and Volcano Islands ‘between 
latitudes 8? 80' North and 27? North and longitudes 165? West 
to 146? East. None has been found west and south of the 
above boundaries though this area has been at least as well 
explored as the former. North and east of the region outlined 
above it appears from scattered soundings that the area con- 
taining guyots does extend to 45° North and 165? West. 
Some of the seamounts' in the Gulf of Alaska described by 
Murray (1941).almost certainly are guyots whereas others 
appear to be of а different character. Twenty bona fida guyots 
were encountered at sea by the writer and some 140 more are 
indicated by soundings on Hydrographic Office charts and 
documents. Considering sparseness of deep sea soundings in 
parts of the area mentioned above, it is likely that а large num- 
ber of undiscovered ones are present. 


Н. Н. Hess. 








Areal distribution of guyots in the western and central Pacific. 
The numerals next to some of the guyots indicate the depth in fathoms 


to the flat upper surface. 





Fig. 1. 
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PHYSICAL FEATURES ох GUYOTR.. 


One of the best profiles obtained across а guyot was one 
encountered south of Eniwetok on October 6, 1944, in Jatitude 
8° 50’ North, longitude 168° 10' East. This guyot is about 
85 miles in diameter ай the base, and the truncated upper sur-- 





Fig. 1A. Index Map showing area included in Fig. 1. 


facé is about 9 miles in diameter. The top is remarkably flat 
at а depth of 620 fathoms. The outer rim of the top is 
bevelled by a gently sloping shelf one ог two miles wide (slope 
2° to 8°). The outer margin of the gentle slope is: about 70 
fathoms deeper than ‘the inner margin. This gentle slope. 
` breaks abruptly to 22° at its outer margin. The profile from 
the edge of ‘the shelf to the normal ocean floor at 2600 fathoms 
is, as might be expected, concave upwards. From an average | | 
of 22° at the top it gradually decreases in steepness until it 
forms a smooth -tangent with the ocean floor at the bottom. 
Figure 2 (A and B) below is a reprodüction of the sounding 
traverse across the guyot. | i 
Guyots vary widely in size. One a.few miles northeast of 
Eniwetok has a flat summit only a couple of miles across (lati- 
tude 11° 45’ North, longitude 162° 55 East); whereas one 


Nore: All soundings mentioned in this paper are uncorrected for 
salinity, temperature and pressure and were taken with fathometers set 
to a speed of sound in the sea water of 4800 feet per second. The соттёс-. 
_ tions would be too small to be of significance in this discussion. . 
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appear to be circular or oval in plan. No correlation has been 
noted between the depths of the flat upper surfaces and the 
depths of the surrounding ocean floor which normally ranges 
· from 2600 fathoms (15,600 feet) to 8100 fathoms (18,600 
feet). The observed depths of the flat upper surfaces of typi- 
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Fig. 2B. This diagram was traced directly from Fig. 2A and adjustments, for steep slopes to the side, made. 


The vertical and horizontal scales and numerical values of the slopes in degrees are given. 
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cal guyots range from 520 fathoms (3120 feet) to 960 

fathoms (5760 feet), with most values concentrated near the 

center of this group (800. fathoms). ‘Thus the guyots rise 

from 10,000 to 15,000 feet above the ocean floor. The flat tops . 
_ of guyots in general do not exhibit accordance of summit levels. 
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Fig. 8A. Guyot showing hummocky type of upper surface. 


It is quite common to find groups of guyots in a relatively 
small area with flat tops varying several hundred fathoms from 
one ќо another among the group. Less.commonly two or three 
guyots in a group will have approximately the same depth. 
А few guyots were found to have upper surfaces which were 
` gently undulating rather than flat. These undulating or hum- 
mocky surfaces have a maximum relief of about 40 fathoms. 
In most cases the flat surface can be seen here and there in the 
profiles and it passes beneath the hummocky material (Fig. 8). 
Judging from the evidence most guyots have been swept clean 
of the fine sediments which must be continually settling upon 
them. In the case of the rare, hummocky ones it would appear 
that the fine precipitates had for some reason not been com- 
pletely, swept off. It is rather surprising that the normal guy- 
ots are swept clean since water currents at such depths as these 
` are thought to be slight. One must look to occasional bottom 
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stir up by tsunami (Bucher 1940) though possibly currents 
related to tides might be strong enough. Once the sediment on 
these isolated, flat-topped peaks is stirred up, very little of it 
_ would be expected to fall back on top of the guyot. It would 
be dispersed over the surrounding area. 


Top of guyot 20 miles 
north of Eniwetok 


NAUTICAL MILES . 





Fig. 8B. Tracing of fathometer record shown in Fig. 8A шг апа 
with scales indicated. ` . 

Though few guyots show any suggestion of terraces on their 
outer slopes, one large guyot near latitude 20? North, longi- 
tude 148? East has a well developed flat upper surface at 800 
fathoms and projecting from under its southeastern margin 
there appears to be а terrace or older guyot with a flat upper 
 surface.at 1100 fathoms. In the area between Wake Island 
and Johnston Island there are a number of normal guyots rising 
from hil areas which have numerous flat or nearly flat sur- 
faces between 1100 and 1900 fathoms. These hilly areas with 
flat or nearly flat surfaces have as yet Беби insufficiently: 
explored to understand the relationships they exhibit. "They 
may represent areas of older, deeper guyots partly buried by 
sediments, but until а more detailed examination of them can 
be made, their nature will have to remain rather obscure. Such 
areas do not appear to be common elsewhere. Some of Mur- 
ray’s Gulf of Alaska seamounts possibly also fit into this cate- 
gory. The great majority of guyots rise from the поша; 
ocean floor. 


RELATION OF GUYOTS TO ATOLLS IN THE MARSHALL ISLANDS. 


Many guyots are present in close association with atolls in 
the northern Marshall Islands. The present discussion is cen- 
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tered about Eniwetok Atoll of that group. This atoll appar- 
ently rests in part upon two guyots so that the flat upper 
surfaces of the guyóts project out beneath its southern and 
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Fig. 4. Relation of Eniwetok Atoll to two nearby guyots which are out- 
lined on the diagram by dashed lines. 


nonthwestern slopes resulting m a well developed bench on those 
sides at a depth of 700 fathoms. The eastern side of Eniwetok 
shows a normal atoll slope with no suggestion of a bench, and 
the central portion of the western side shows similar features. 
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Fig. 5. Tracing from fathometer recorder of traverse extending south- 
ward from Eniwetok showing the aton мешш superimposed upon ја 
guyot (А-А of Fig. > 
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Figure 4 shows: the relationship between Eniwetok Atoll and 
the nearby guyots, and figures 5 and 6 show two profiles, one 
approaching ithe passage between Japtan and Parry Islands 
from the east and the other approaching Wide Passage at the 
. south end of the atoll from the south, which shows the guyot 
apparently disappearing beneath the atoll slope. 

The absence of a 700 fathom bench locally around part of 


Eniwetok Atoll strongly suggests that the atoll and its vol- 


ENIWETOK ATOLL: 
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Fig. 6. Profile B-B of Fig. 4, showing normal atoll slope approaching 
Eniwetok from the East. 


canic core are younger than the benches which project from | 


its southern and northwestern sides. The whole structure of 
` the atoll, in other words, seems to have been- superimposed 
upon ‘the older and already existing, surface of the guyots. 
‘Since it can, without too much license, be assumed that the 
other nearby atolls of the Marshall group developed simul- 
taneously with Eniwetok, their slopes might be examined for 
700+ fathom benches for further substantiation of the age 
relations postulated above. Only two of these have been ade- 
quately charted,.Majuro’ and Kwajalein, and neither of them 
shows 700 fathom benches. When it is considered that a rela- 
tively small atoll such as Majuro shows no bench at 700 fathoms 
` while not very far away a guyot has à truncated upper surface 
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35 miles across, it is evident that Majuro could never have 
. been subjected to the conditions which planed off the 35-mile- 
wide surface of the guyot. 


Part IL Тнковх. 


The writer has given a great deal of thought to the problem 
of origin of guyots since first encountering them in 1944. In 
Part I of this paper the physical features of guyots so far а5' 
they are known, are described. It now remains to account for 
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Fig. T. Profiles across two guyots; A is normal except that the gently — 
sloping shelf is lacking on the right hand side, B is an example of the 


-hummocky type of upper surface. 


them. During the past two years, many hypotheses were tried 
and discarded. Finally the writer arrived at the hypothesis 
here presented. ‘Though it explains the facts at present avail- 
‘able, it is highly speculative and might easily be wrong. Never- 
theless, it seems worth presenting аз а working hypothesis, par- 
tieularly since it has many interesting ramifications some of 
which would be worthy of investigation even if the, parent 
hypothesis were found to be invalid. 
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EXPLANATION OF DEVELOPMENT OF UPPER SURFACE 
OF GUYOTS. 


When the writer first discovered guyots, he cee that 
they were drowned atolls. However, this hypothesis proved 
untenable upon further study. A profile of an atoll should 
show a rise along the outer margin representing the area of 
active reef growth and should be dished in the middle, the 
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Fig. 8. Fathometer recorder trace of guyot in latitude 14° 20’ N., longitude 165° 55’ W. 


speed, 18.7 knots; course 059° true. 
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lagoon, unless it were filled in with younger sediments. Оп an 
atoll, the profile breaks abruptly outside of the living reef and 
descends in slopes averaging about 25°. There is no feature 


E FRAR 


Fig. 8B. Fathometer recorder trace of guyot near latitude 21° М. longitude 178° E. Ship's speed 


18.5 knots, course 059° true. 
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comparable to the gently sloping shelf found around the flat 
tops of nearly all guyots. In fact there seems to be no way 
of accounting for these shelves unless the guyots had developed ` 
in & sea which did not support reef-building organisms. 


` 
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It may reasonably be assumed that guyots were originally . 


voleanic peaks. After a long period of time they became stabi- 
lized and were eroded down to low relief. At this time they 
developed gently sloping shelves around them аз might. be 
expected in the case of a maturely dissected island. This was 
followed by a long period of marine planation, unhampered by 
reef growth, ultimately forming the flat upper surfaces. If 
marine planation cut the island down to- about 30 fathoms 
below sea level then the outer margin of the gently sloping 
shelves, normally some 70 fathoms deeper, would have originally 
represented approximately а Майор -curve around the 
island. 


Possibilities of accounting for the reef-free surface of the. 


guyots фу some connection with a glacial epoch were considered 
and rejected. If reef growth had been inhibited by a glacial 
epoch, the guyots.would have had' to have suffered marine plan- 
ation followed by sudden subsidence to below-the level at which 
reef growth would.recommence at the end of the glacial epoch— 
a coincidence which makes the hypothesis very unlikely. The 
glacial epoch would have had to be a very long one to permit 
complete planation of the larger guyots. It cannot possibly 
be referred to the Pleistocene epoch since the Marshall Islands 
atolls are younger than the guyots and there could obviously 
not have been time for marine planation, subsidence and 
upbuilding of the atolls all in this short epoch aside from the 


inconsistency that the cold water was called upon to keep the _ 


guyot surface reef-free but later on permitted the upbuilding 
of the atolls. 


GENERAL RELATIONS. WITHIN PACIFIC BASIN. 


Since it is difficult to discuss any theory of origin of guyots 
against. the background of misconception and ill-founded 


theories which at present confound geologic literature on ocean ` 


basins and the Pacific Basin in particular, the writer proposes 
to wipe the slate clean and start on a new basis. 

‘The Pacific Basin is here considered to comprise the central 
portion of the ocean and is bounded by an almost continuous 
belt of strong late Cretaceous-Tertiary mountain building. 
On the northern and western borders this belt is characterized 
by elongate deeps which lie over downbuckles of the Earth's 
Crust? Related island arcs show intense volcanic and seismic 

* See the works of Vening Meiness and others on gravity at sea. 
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activity. On the eastern margin are found the cordilleras, 
of the North and South American west coasts and on the south 
little known Antarctica. The volcanic rocks of the islands of 
the Pacific Basin are dominantly basaltic whereas those related 
to the island arcs and their uplifted cordillera equivalents are 
dominantly andesitic. The area of arcs and cordilleras bor- 
dering the Basin is tectonically the most active and unstable 
area of the Earth's Crust today. The Pacific Basin itself 
seems to be tectonically a most stable area and possibly has 
been throughout geologic time.* One encounters no evitlence 
of folding anywhere over its broad expanse. Though fault 
scarps can be found their rarity bespeaks great stability. 
Seismic activity in the Pacific Basin is almost nil. 

The writer favors Buddington’s (1943) concept of the 
nature of the Earth’s Crust and considers that the suboceanic 
crust probably. consists of horizontally layered rocks including 
such types as norite, gabbro, anorthosite, pyroxenite, perido- 
tite, dunite and probably some eclogitic facies. These are rela- 
tively strong rocks. Stronger than the granitic to quartz 
dioritic rocks which presumably make up the “granitic” layer 
of continents. The writer believes the oceanic crust is very 
strong though this opinion is at variance with existing text- 
books and much of the current literature. However, Jeffreys 
(1929), Daly (1940), and Longwell (1945) all favor a strong 
oceanic crust. The only bases for judging its strength are its 


e There is general agreement as to the position of the “andesite line" 
along the western margin of the Pacific Basin except for the area of the 
Carolina Islands. Some place these inside and some outside of the “ande- 
site line.” The writer tentatively includes most of the Carolines in the . 
Pacific Basin and traces the “andesite line" down their western margin 
including Ulithi, Yap, Ngulu and the Palaus behind—on the west side of— 
the “andesite line.” This is essentially the same as the line drawn by. 

· Hobbs (1944). ' 

. * Having obtained considerable first-hand information in the Pacific dur- 
ing the past few years the writer must now revise the views expressed in 
Bets and Hess (1942). The tentative trend lines shown on the chart should 
be considerably reduced in number by eliminating practically all of north- 
easterly trends. Further development of the bottom topography shows 
that they do not exist. The hypothesis that certain linear groups of islands 
and shoals, particularly the Hawailan group, lie along a major Earth frac- 
ture which may be a strike-slip fault is retained. The relationship on a 
small scale of the volcanic activity to fractures has been demonstrated by 
Stearns and MacDonald in Samoa and Hawaii. The trends of these frac- 
tures are approximately parallel to the elongation of Samoa and the 
elongation of the Hawalian chain. 


~ 
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behavior and the strength of the rocks of which it is thought 
to be composed. Both of these indicate strength. The reason 
it has been generally considered to be weak, appears to be 
related to calling it the exposed sima or the basaltic substratum 
and consciously or unconsciously bringing in Daly’s theory of 
a weak glassy basaltic substratum. . But Daly postulated a 
strong crust and weak substratum at considerable depth. Those 
favoring the hypothesis of continental drift assumed.a very 
weak basaltic crust below the oceans without, so far as the 
writer is aware, presenting evidence other than the hypothesis 
of drift to substantiate the assumption. 

Many authors have correlated the observation that island 
arcs (and hence mountain building) develop in the ocean basins 
along the margins of continents with the concept that the con- 
tinental massifs are strong and the oceanic crust weak thereby 
accounting for the localization. However, if mountain building 
forces are related to convection currents within the Earth 
(Griggs 1989), the most satisfactory of the present theories, 
then the localization can more reasonably be explained on the 
basis of heat relations within the crust. Being warmer under 
continents and cooler under oceans the downward flow part of 
the convection cell would be more likely to be localized under 
the ocean and would be supplemented in some cases by the 
outward flow of warm material from beneath the continental 
area, 

Having concluded that the Pacific Basin was in general 
strong and stable, it is now appropriate to turn to exceptions 

‘in detail to these generalities. АП volcanic islands of the 
ocean basin proper (excluding from this discussion the highly 
unstable island arc areas) are subject to frequent vertical 
movements as long as vuleanism is active. In this sense they 
are unstable. The expansion during magma generation, injec- 
tion of magma into the crust below the volcano, crystallization 
of magma and contraction, extrusion of magma from a central 
vent and isostatic adjustments to the load, out-flow of weak 
oceanic clays from beneath the volcanic load, etc., all tend to 
result in vertical movements of the volcanic island. Such 
islands may have terraces extending to hundreds of feet above 
sea level and &t the same time have drowned shore lines and 
exhibit а series of submerged terraces as well. Once this vul- 
canism dies the island will probably become stable. Of the hun- 
dreds of atolls and banks with their volcanic pedestals beneath 
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them, one can find very few in the Pacific Basin which have had 

their coral reefs uplifted by as much as 150 feet." 
Aside from vulcanism and its effect of producing local points 

of instability, convection currents of lesser intensity than those 


producing island arcs may result in vertical movements of ће ` ` 


suboceanic crust at times. | 


HYPOTHETICAL DEVELOPMENT OF’ THE .HISTORY OF THE 
PACIFIC BASIN AND THE ORIGIN OF GUYOTS. 


Most discussions of Pacific historical geology jam all the 
known history into the late Tertiary, Pleistocene and Recent 
ages. То be sure the rocks visible on the surface of volcanic 
‘islands are mostly very young, predominantly Recent plus some 
Pleistocene and very rarely rocks that can be demonstrated | 
to фе as old as Tertiary. Many writers seem inclined to place 
Pacific atoll formation in the Pleistocene though others extend 
it back into the Tertiary (Stearns 1946). On the other hand 
the Pacific Basin is generally considered to be very old, proba- 
bly dating from early Pre-Cambrian ‘time (Kuenen 1987). 
It seems reasonable to suppose that volcanic activity in the 
Pacific Basin and hence island formation has gone on sporadi- 
cally since early Pre-Cambrian. Where then are the Pre-Cam- 
brian, Paleozoic and Mesozoic islands?. In order to answer 
this it is necessary to digress along several other channels. 

Any island formed in the Basin can be assumed to have 
begun as a volcano or group of volcanoes. After vulcanism 
ceased and the island had become stabilized, the following 
sequence of events would necessarily take place. The island 
would be eroded to low relief, and after a long period of time 
(providing growth of reef-forming organisms did not inter- 
fere) the island would completely disappear as a result of . 
marine planation. Such must have been the fate of all Pre- 
Cambrian islands before reef-forming organisms existed. 

Kuenen (1987 and 1941) has concluded that there has been 
little change of sea level since early Pre-Cambrian time. Не 
estimated ‘that the rate of sedimentation im the deep sea is 

_ approximately 1 cm. in 10,000 years for red clay, since the 


5 Vening Мејпез (1941) re-examines gravity data for oceanic islands. 
Thqugh large, local, positive, isostatic anomalies are found on such 
islands, the regional anomalies show that such small islands are regionally 
and not locally compensated and thus closely approach isostatic equilibrium. 
This indicates а geologically rapid adjustment to the disturbance ' of 
equilibrium brought about by vulcanism. 
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end of the Pre-Cambrian, and 1 cm. in 5000 years for glo- 
bigerina ooze. Since most of the material deposited on the 
ocean floor has ultimately come from the continents, isostatic 
adjustment of the load on the sea floor and the loss of weight 
from the continents has resulted in the sinking of the former 
and rise of the latter so that relative sea level with respect to 
_the continents has not changed very much. One obviously can- 
not put a layer of several thousand feet of sediments into the 
oceans without causing the water to rise by an equivalent 
amount (less the water included in pore space in the sediments). 
Thus, quite apart from the discussion of isostatic adjustment 
mentioned above, every centimeter of sediment put into the 
ocean causes sea level to rise with respect to an oceanic island 
by ‘just a little less than a centimeter (less by the amount of 
water in pore space of the sediment). Even though. the figure 
cited for the rate of sedimentation may be inaccurate it never- 
theless follows that oceanic islands are and have always been 
slowly sinking relative to sea level. 

It stands to reason that once lime-secreting organisms 
appeared in the oceans, presumably in Cambrian time they 
would grow upon any available shallow, wave-cut platform and 
both tend to protect it from further wave action and build it 
up to sea level. These reef-forming organisms need not have 
been very efficient reef builders to keep pace with a ‘settling 
rate of 1 cm. in perhaps 5000 years. So that beginning in 
Cambrian time every island in warm seas which at that time 
had not been submerged below the level at which these organ- 
isms could live, would be built up to sea level or nearly to sea 
level and could henceforth maintain its growth. In other words 
all Paleozoic, Mesozoic and Tertiary islands which were eroded | 
to. low relief and submerged in warm seas must inevitably . 
become banks or atolls and: be maintained as such throughout 
the remainder of geologic time except for the interference of 
some rare diastrophic accident. Epochs of glaciation might 
inhibit growth of reef-forming organisms temporarily.: But 
these epochs aré too short to permit the islands to sink to such 
a level that growth would not recommence with the return of 
warmer water. - | 

We may now turn to the ultimate objective of this long 
series of digressions, the guyots. It is proposed that they 
represent the relics of Pre-Cambrian islands formed by the 
processes suggested above. The group of guyots with which 
we have been mainly concerned range from 520 to 960 fathoms 
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(8120 to 5760 feet) below sea level: Accepting Kuenen's 
figures for &ccumulation of sediments at least 2000 feet of 
sediments (solid) would have been deposited in the deep sea 
since Pre-Cambrian time. The great bulk of sediments, how- 
ever, are deposited along continental margins, on the shelves, 
slopes and shallow epeiric seas. It is almost impossible to esti- 
: mate the amount of water displaced by these inasmuch as a 
thickness of tens of thousands of feet may displace only a rela- 
tively small amount of water since the bottom of such basins 
of sediments tend to sink isostatically under the load. These 
thick prisms of sediments may at a later time be deformed and 
welded to the continents, thereby enlarging the continents at 
the expense of the oceans. Certainly these processes have 
decreased the areal extent of the oceans a considerable if unpre- 
dictable amount since the end of the Pre-Cambrisn. If sedi- 
ments deposited in shallow waters around the continents dis- 
placed only half as much water as deep-sea sediments, an esti- 
mate which seems to the writer to be on the conservative side, 
then one could account for a rise of sea level relative to an 
oceanic island of 3000 feet (500 fathoms) since the end of the 
Pre-Cambrian which is comparable to the present depth of the 
shallowest guyots. Thus we might attribute most guyots to a 
Proterozoic episode of vulcanism. The occasional, less well- 
preserved surfaces mentioned in the text, having depths between 
1100 and 1900 fathoms might be older and well back in the Pre- 
Cambrian i in age. 


RECOMMENDATION FOR FUTURE RESEARCH. 


With above hypotheses in mind it would be exceedingly 
interesting to drill a hole 5000 feet deep in the center of a 
Pacific Basin atoll. It is necessary to avoid the outer margin 
of the atoll since it may well have built outward over its own 
debris. From another point of view, a hole drilled on the 
‘southern rim of Eniwetok would almost certainly penetrate into 
the underlying guyot at a depth of approximately 4200 feet. 
It would be extremely interesting also to make magnetic sur- 
veys of a number of atolls to estimate the depth to the volcanic 
core and perhaps couple such an investigation with seismic and 
gravimetric work. Bottom samples with the piggot sampler 
taken from the flat tops and gentle marginal slopes of guyots ' 
might bring up some of the rock of which they are formed, 
provided these surfaces had been swept completely clean of 
sediments. Pleistocene to Recent banks in high latitudes where 
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cold water would inhibit growth of reef-forming organisms 
should be investigated to compare their profiles with those of 
the guyots: A further investigation of Murray’s seamounts.in 
the Gulf of Alaska might furnish some of the missing clues 
to the origin of guyots, and might, if the hypothesis here pre- 
sented is correct, show features exactly comparable to guyots 
but at depths shallower than 500 fathoms. At the latitude of - 
the Gulf of Alaska the water may have been too cold for reefs 
to grow on the platforms. 
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RELATIVEGROWTHINA PHYLOGENETIC 
· SERIES AND IN AN ONTOGENETIC 
. SERIES OF ONE OF ITS MEMBERS. 


STEPHEN У. GRAY. | 


' ABSTRACT. Relative growth curves of the type y—bxk are presented 
for 24 species of ceratopsians and for an ontogenetic serles of Protocera- 
tops. A number of skull dimensions are compared phylogenetically and 
ontogenetically. The phylogeny revealed agrees with Lull’s arrangement 
of the family. Certain dimensions show different values for b and К in 
different phyletic lines while others do not. The former may be considered 
as having diagnostic taxonomic value for units of less than family rank 
while the latter remain constant throughout the sub-order. One form 
(Styracosaurus) showed characteristics of two different phyletic lines 
depending upon whether the spines of the crest were Included in the meas- 
urement of the crest or not. The highest value for k was found to be 1.96 
for the distance between horn cores in relation to beak-orbit distance. 
Nasal horng show а negative value for К. 


HANGES in the proportions of the dimensions of the body 
are the most obvious differences between young and old 
animals and between animals of different species. Since Hux- 
ley (1) showed that in very many cases these changes. in 
proportion follow the form of the equation y —bx* many excel- 
lent studies of ontogenetic series have been made. Phylogenetic 
material has been less used.and little is yet known: about the 
actual relation between phylogenetic and ontogenetic growth 
curves. Hersh (2) studied the phylogeny of titanotheres and 
showed that horn cores increased with the skull length accord- 
ing to the relative growth equation and that genetic mutations 
for increased total size could account for progressive enlarge- 
ment of horns. Phleger (3) applied the method to a number 
of extinct felids and merycoidodontids and found close agree- 
ment between the phylogeny predicated by Thorpe for the lat- 
‚ ter and the.curves of relative growth. 
`` In the present paper an attempt is made to apply a similar 
relative growth analysis to the skulls of the late Cretaceous 
horned dinosaurs, the Ceratopsia. Material was available for 
& phylogenetic study of about two dozen related species and 
‘for an excellent ontogenetic series of one of them. The cera- 
topsians have been monographed by Hatcher, Marsh and Lull 
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(4) and by Lull (Б). Brown and Schlaikjer (6) hüse 
described the ontogenetic series of Protoceratops. 

Lull (5) constructed а phylogenetic tree of the larger Сега- 
topsia and placed the known forms in two phyletic lines as 
shown in Fig. 1. These lines will be designated as “long- 
crested” (Chasmosaurus-Torosaurus line) and “short-crested” | 
(Monoclonius-Triceratops line). No attempt was made to fit 
Protoceratops into this tree largely because the Mongolian 
horizon from which it is known has not yet been correlated with 
the American series from which the larger ceratopsians have 
been récovered. ‘To see if this form could be fitted to either of 
the American phyletic lines was one of the problems attempted 

“in this paper. 


· MATERIALS AND METHODS.: 


The following dimensions for ten specimens of Protoceratops 
of different ages and for twenty-two species of American cera- 
topsians provided the material for the comparisons: E 


Median length of skull (beak to crest) 

Center of orbit to posterior margin of crest 

‘Center of orbit to beak 

Antero-posterior diameter of orbit ' 

Center of base of brow horn core to center of base of nasal horn 

core | 

Greatest width of crest 

Width at quadrates 

Depth of -face 

Basal length of skull (beak to occipital andy) 
. Beak to center of base of nasal horn core 

Center of base of brow horn core to posterior margin of crest 
` Height of nasal horn core (where present and intact) 


In all cases of Protoceratops the authors’ measurements were 
used. For many of the larger animals similar measurements 
were available in опе ог the other of the monographs cited ` 
above. Where this was not the case, measurements were taken 
from the photographs and drawings of the skulls. Where this 
was necessary an actual measurement from the skull was used 
to provide the proper scale. Only those dimensions which lay 
in the plane of the photograph were used. Because of these 
limitations all of the above measurements were not available for 
every species. Measurements were in millimeters but when 
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converted to logarithms for plotting and computing values of 
b and k, only two significant decimal places were used. It was 
considered that this allowed for errors due to distortion and 
avoided the spurious accuracy which might appear from using 
logarithms with more places. 

Data were plotted on double logarithmic scales and fitted to 
straight lines of the relative growth equation y=bx*. Fitting 
was by the method of least squares, b and k being obtained 
arithmetically. The adult Protoceratops was not included in 
calculating the growth curves of either of the phylogenetic 
series because its position relative to the two lines was yet to 
‚ be determined. Two other forms, Brachyceratops and Tricera- 

tops obtusus have also been plotted but left out of the calcula- 
tions, the former because it is known not to be a mature animal, 
and the latter because it has been extensively restored. 


RESULTS. 


In every relative growth plot the Protoceratops data were 
easily distinguishable because of the small size of the animal. 
The phylogenetic data sorted itself into two distinct groups in 
the following plots: 

Median length of skull to orbit-crest distance Е 2A) 
Orbit-crest distance to orbit-beak distance (Figure 8B) 
Median length of skull to brow horn core-nasal horn core dis- 
tance (Figure 2D) 
Brow horn core-nasal horn core ‘distance to diameter of orbit 
(Figure 4A) 
Brow horn core-crest distance to brow horn соге-паза] horn 
core distance (Figure 8A) 
These two groups were nearly coincident with Lull’s long- 
crested and short-crested phyletic lines. 

In the second group of plots the two phyletic lines were less 
separated. The data fell into a more or less broad band 
instead of two diverging lines. One edge of the band was 
occupied by one phyletic line and the other edge by the other. 
The following plots were of this type: 

Median length of skull to orbit-beak distance (Figure 2B) 
Beak-orbit distance to diameter of orbit (Figure 86) , 
Orbit-crest distance to depth of face (not figured) 
“Median length of skull to width of crest (Figure 4B) 


The last of these relations showed a very narrow band, thus 
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connecting this series of plots with & third group in which 
‘there was no separation of the phyletic lines at. all. Such 
plots were: 


Brow horn core-nasal A core distance to beak-orbit distance 
(Figure 2C) 

Beak-orbit distance to depth of face (ak figured) 

Beak-nasal horn core distance to median length of skull (not 
figured) 

The values of k and b in the relative growth equation are 
given in Table I. It should be noted that the dimensions are 
assigned to x or y arbitrarily. If x and y are reversed the 
value for k becomes its reciprocal. | 

Only where the two phyletic lines were separated are separate 
values for each line given. Obviously dimensions involving’ 
horn cores were not applicable to the hornless Protoceratops 
although in the fully adult animals there are slight thickenings 
at the positions occupied by horns in the later forms. 


THE PHYLOGENETIC SERIES. 


The agreement between the two phylogenetic groups and 
Lull’s own hypothetical phylogeny is excellent. A few indi- 
vidual cases of differences must, however, be noted. 

(1) Chasmosaurus Казвет. This skull (AMNH 5401) in 
nearly all cases falls with the short-crested phyletic line rather 
than with the other members of the genus in the long-crested 
line. This is especially marked in the median length of skull 
to orbit-crest distance and median length of skull to orbit-beak 
distance relations. This is a less serious disagreement than it 
seems, for this species usually falls well down toward the cross- 
ing of the two lines and some cases may be said to lie at that , 
point (Figure 2A). It is rarely far from Monoclonius flexus 
and thus the bifurcation of the two phyletic lines may be less 
remote than is postulated by Lull's diagram. 

(2) Arrhinoceratops. Lull connects this form with the 
short-crested group by a dotted line and а question mark and 
| says “it may prove to be ancestral to Triceratops.” Nothing 
in this study bears out this hypothesis. In only one case 
(median length of skull to orbit-crest) is its position equivocal 
and there the deviation is not greater than would be expected 
from the methods of measurement. - 
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PROTOCERATOPSIDAE 
® LEPTOCERATOPS (RESTORED) 


CRESTED CERATOPSIDAE — "LONG-CRESTED" CERATOPSIDAE 








© PENTACERATOPS FENESTRATUS 
ф A ORNATUS 
 CHASMOSAURUS BELLI 


NSS рї ANCHICERATOPS LONGIROSTRIS 








.Ф BRACHYCERATUPS MONTANE! 


 TRICERATOPS PRORSUS 
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(8) Styracosaurus. This skull is provided with eight 
spines projecting from what appears to be the posterior mar- 
gin of the crest. A line connecting the tops of these spines is 
. continuous-with the diverging lateral margins of the crest and 
concentric with the posterior margin. Superficially the prob- 
lem appears to be: where is the crest margin? Shall the 
margin of the crest be taken as the base of the spines or the 
line connecting their tips? И the line connecting the spine 
tips is used to determine the median length of the skull, width 
of crest, and crest-orbit distance, the relative growth: measure- 
ments involving these dimensions show the skull to fall into the 
long-crested phyletic line. If the same measurements are now 
taken to exclude the spines of the crest, а marked reduction of 
total length, crest length and crest width results and in rela- 
tions involving these dimensions, Styracosaurus falls in the 
short-crested line where Lull placed it. In other words this 
skull shows both long-crested and short-crested growth patterns 
and it is not impossible that it represents а position near the 
divergence of the two lines in which one pattern has not com- 
pletely surrendered to the other. In relations not involving 
crest dimensions, the skull fits into the long-crested group (Fig- 
ure 8C and Figure 4A). Both positions have been plotted 
where the crest dimensions are involved (Figure 2A, 2B, Figure 
3A, ЗВ). | EN 

(4) Anchiceratops longirostris. Crest width in this skull 
is considerably less than is to be expected, Figure 4B. This 
is not due to unusual length but to failure of the posterior por- 
tion of the crest to expand as in other forms. The typical 
wedge shaped form ceases posterior.to the level of anterior 
lateral process of the squamosal and the lateral margins of the 
crest parallel one another instead of continuing to diverge 
posteriorly. | 

(5) Triceratops obtusus. This form has been restored on 
paper by Lull, (5) p. 126. Measurements from this restora- 
tion show that the dimensions agree well with the growth curve 
for the short-crested forms and that so far as the dimensions 
studied are involved, the restoration is probably correct. 

(6) Triceratops. flabellatus. Both the 1904 paper recon- 
struction by Marsh (4) and the actual reconstruction in 1984 
by Lull (9) have been measured. While there are differences 
between the two it will be seen that the position of this species 
in the short-crested line is not greatly altered. 
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800 Stephen W. Gray. ` 
* (7) Leptoceratops cerorhynchus. "This skull was exten- 
sively restored by Brown and Schlaikjer (10) and some dimen- 
sions of this restoration. have been plotted. it lies not far 


- from the largest of the Protoceratops series and does not seem | - 


‘to lie clearly in either of the phyletic lines of the larger forms. | 


‚ Its, relation to Protoceratops is clear but the reconstruction. г. 


necessary makes it of questionable value for ват growth 
| measurement. 


THE ONTOGENETIC SERIES. 


The Protoceratops material falls into a Ий: line -with no - 


_ more deviation than is to'be expected due to possible distortion. 


"The data come from & mixed group of males and females 
according to Brown and Schlaikjer (6). As these authors 
believe they can distinguish the sexes, the possibility exists that: 
_ two different curves might result from considering them 
` separately. There were not enough measureménts provided to. 


. . test this., No indication is found in any of the curves that 


there i is. айу change i in the slope of the line in the range repre- 
sented. It is known that. relative growth curves may fail to 
fit the empirical equation at very. small sizes. But as the 
smallest individual has a skull length of 130 mm, which cannot 
be more than five times its length at timé of hatching, it would. 
seem that the curve must deviate but little from the straight 
line. 
|. Те position of Protoceratops in elation to either of the, 

_ phyletic: lines ' of the American cératopstans is not clear. In 
"most. cases the adult skull of the series lies close to the point ^ 
`of -divergence of the lines, sometimes nearer one line and some~. . 
times the other. In many of the relations between dimensions 
it could be fitted to either phyletic line without much distortion. 
. In certain instances, however, it доба not lie near the extra- 
`- polation of either. ‘This is true in median length of skull to . 


. "width of crest, beak-orbit distance to-brow horn core to nasal | | 


horn core distance, median length of skull to depth of face, and 
all instances where orbit diameter is involved. Marked change 
m relative growth rates must have taken place if Protoceratops 


is ancestral to the larger ceratopsians. . In all probability, it. .- 


is not directly ancestral and where its position on the relative 
growth curves does not fit with the American forms it may.be . 
assumed to indicate divergence from the line leading to, the later 
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forms. However its relationships are to be 'considered, ` new. 
. and different growth rates for ‘certain of its dimensions would 
be necessary to bring it into harmony with the other forms. 
№ only one case (median length of skull to orbit-crest, Fig- 
. ure 2A) does the line appear nearly identical in b and k with 


* either of the phyletic lines. That the agreement i$ not more ^ 


often found is not surprising. Little is definitely known about 
the relation of ontogenetic to phylogenetic growth curves but 
there is little reason to believe that they need coincide. Eis 
not probable that the oütogenetic curves for other ceratopsians 
would show better agreement but more likely that they would 
roughly parallel the Protoceratops line, intersecting the phy- 
letic line at the position of the adult individual. This is further 
emphasized by the fact that the immature Brachyceratops fre- 
quently falls far from either -phyletic line, indicating that its 
position could only be known by at least one other example 
of a different age. By means. of two known points one could 
attempt to predict the position of the adult animal. 
_ DISCUSSION, 
Both Hersh (2) and Phleger (3) felt that in i inde material 
a definite'b and k should exist for each genus. Whether this 
is true for the Ceratopsia is unknown, ‘The growth curves for 
each phyletic line may be the means for series of similar but 
slightly different curves for each genus included in the lime. 
The small number of speciés in each genus renders this impos- 
' sible to determine. That the two species of Pentaceratops' 
from the Fruitland and Kirtland formation frequently lie in. 
the same portion of the curves as T'orosaurus from the later 
‚ Lance formation would, lead one to suspect that at least two 
parallel ‘and perhaps coincident lines exist. with one developing 
faster'in geological time than the other. Further evidence of 
' the. possibility of concealed growth relationships i is found when 


``. beak length and nasal horn core length are plotted against total 


length. -No definable series are found and it is to be presumed 
that while a constant rate existed within each genus yet the 
representation does not „provide enough. examples to make it. 
apparent. Characters such as these may: be considered -as 
having less than generic validity while others ‘such. as crest 

length have greater value. К 
` -It should be noticed that ed йн dimensions show differ- 
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ences between long-crested and short-crested. forms. Where no 
difference is apparent, as in the curves for median length of ' 
skull to width of crest and beak-orbit distance to brow horn 
core-nasal horn core distance, it is probably due to actual lack 
of difference, not to the quality of the data. In general it 
should be noted that the greatest differences in slope of growth 
'eurves àre found in comparisons involving length of the crest. 
Smaller differences are found anteriorly. This does not mean. 
. that there is less variation anteriorly but that there is a single 
‘rate of change in the anterior portion while thére are two differ- 


` ent rates ап the posterior portion of the skull Where the 


growth curves of the two phyletic lines are neither identical 
nor widely separated, a banding effect occurs with segregation 
‚ of each phyletic line to one side of the band. Some overlap. 
may occur (Figure 2C, Figure ЗС and 4B).: This was fre- . 

quently found by Hersh (2) in the titanotheres. 

Although most of the data conform to the culeulated lines 
there are probably certain breaks, the existence of which is 
implied. Such breaks in grówth rates have usually been taken 

. to be the resuK of genetic mutation. "Опе discontinuity may 


' be observed in the curves involving the diameter of the orbit. 


This is absolutely larger in the adult Protoceratops and has a 
lower rate of growth than in later forms of, twice’ the size. 


‚ ‘Another possible location of a change in slope is found in the 


` case of the narrow crest of Anchiceratops longirostris (Figure 
4B). Although no descendant forms are known it seems prob-. 
able that if they existed, they would show a new skull length 


^. to crest width relation with a value of К much lower than in 


- either of the other phyletic lines. Still a third indication of 
the beginning of a new growth rate is the anterior position of 
the nasal horn core in Triceratops flabellatus. This has 
resulted in an increase in the brow horn core-nasal horn core 
distance, and a decrease in the nasal horn core-beak distance. 
The orbit-beak distance has not altered nor have any other pro- 
‚ portions. Figure 4A shows that this skull deviates consider- 
ably from the related forms. Figure 2C shows that this devia- 
tion is less in the beak-orbit distance to orbit diameter and. 
therefore it is. only the position of the nasal horn that is 
changed while the other dimensions are unaltered. 

Due'to the deepening face of the animal both posterior 
.(crest-orbit distance) and anterior (orbit-beak distance) halves 
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804 , UC Stephon W. Gray. ; 
appear to grow faster than the total length’ which forms the ze 
‘hypotenuse of the triangle. In Protoceratops the posterior ` 
portion is growing at a faster rate (k=1.050) than the 
` anterior ‘portion (k=1.019). In: the long-crested branch. 
this difference is much more marked (k=1.217 for posterior 


| and 0.760 for anterior half). In the short-crested branch `- 


„Фе difference remains about as in Protoceratops and the 
üpcurving of the crest has brought the orbit back into, the Bue 
` between the beak and crest. 


While the width of the crest increases as fast or faster than ' p? 


the length of the skull, the width at tbe quadrates decreases in 
' rate of growth. | This may Ъе correlated with the fact that 
Ancrease in di&meter of the throat need not be linear, with size K 
of the animal - 

'The highest values for k are found for the distance а 
brow and nasal horn cores. Ла relation to Ве beak-orbit dis- ` 
tance К reaches nearly 2 (Figure 8A) which indicates a cor- : 
respondingly low К for the beak-nasal horn core distance. . 
Why this separation of horn cores increases is not clear but it 
‚ may be a further expression of the. high phylogenetic growth 
rate of the brow horns themselves. It ї may álso have enabled 
. the, beak of the animal to stay far enough in front of the for- 

ward slanting brow horns, that the latter would not interfere 
with feeding! 

Since the growth rate of the crest length with respect to the 
total length of the skull is within reasonable limits it may ђе ` 
assumed that the crest ‘of Protoceratops was well developed at 
hatching.. ‘This assumption is further supported by the fact 

` that the exposed region of the spinal cord between the foramen 

: magnum and the neural сапа] of the axis needs protection in 

- the young as well as the adult (Tatt and Brown) (7).: On the 
other band caution in this interpretation is indicated by the: 


work of Thompson (8) who showed that the rostrum of Роїуо-` . 


don spathula has a value of k=0.7 with respect to body length 
for lengths between 100 and 1500 mm. k increases, however, to 
4.0 аї'а body length of 17 mm. and presumably the rostrum. 


does not appear at ell in the young of less tnn 10 mm. in | 


length. 
` с Similar considerations apply to the problem of ‘the primitive 

| 'teratopsiens. The low k values indicate that the.crest could . 
have appeared: early in the phylogeny and in even the smallest 


t 
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forms. This is contrary to the condition found by Hersh (2) 
with гевресі +о titanothére horn cores where it is obvious, that 
` horns could not appearat all before a certain size was reached. 


Mentioned earlier was the relation of orbit diameter to. other | 


skull measurements. Orbit. diameter i in relation to length of 
‚ crest shows. К —0.592 in Protoceratops. Such а low К is-to be 
expected as no great. increase im eye size: "with totel size seems 
necessary. In the larger ceratopsians, however, k rises to 
_ 0.794 in the long-crested and. to: 1.330 in short-crested forms. 

- This relatively high value indicates ‘not a disproportionately 


large eye in large animals but & relatively small eye im small | 
animals. Thus in Chasmosaurus ` kaiseni ;: with а ,median : 


skull leigth of 1200 mm. the orbit 18.62 mm. while in а ‘not 
yet full-grown Protoceratops the orbit is 68 mm. when the 
' skull is but. 470 mm. in length. · What factors are inyolved in 
these proportions is not clear. ‘Even assuming that the rela- 
tively large eye'of Protoceratops represented an adaptation for 
nocturnal or crepusculer habits there is still no way of account- 
ing for the steep slope of the orbit diameter of the later forms. 
Ceratopsian horn cores indicate that nasal horns appeared 
earliest and were for a time larger than the slightly later 
appearing brow horns. Subsequent regression, of the nasal 
horn: was accompanied ‘by. increased development of the brow 
„horn. · It was impossible to determine the growth rate of the 
brow horns as they are frequently broken and their length is 


problematical. An attempt to plot the height of the nasal horn’ 


cores against skull length for the forms where the born core > 


seemed intact showed merely that regression was of the order 


=-9.0. This is an example of the type of growth described ' 


as “hyperbolic” by Hersh (2) who. found а similar value for k 
` in the free length of nasals in titanctheres. , 


con CLUSIONS. 


Phylogenetic- relative growth curves of the general form 


y —bx* have been drawn for the skull dimensions for 24 species 
of ceratopsian dinosaurs.  Ontogenetic curves for the same 
.dimensions have been drawn for. 'one of -the species of the series 
(Protoceratops andrewsi). 5 


With minor exceptions the ый growth curves agree with E 


the phylogeny of iue e group &s described о Lull. © 


‘ 


This distinguishes char- 


‚ acters which are constant for small taxonomic units from those 


S tephen W. Gray. 


; 


Different phyletic lines show different values for k in the 
relative growth equations in only certain dimensions. Other 


dimensions show no such difference. 


which are constant for larger ones. 
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No constant relation between the values for k in the onto- 
‘genetic and phylogenetic series was "observed. 

Unusually high retes of growth exist in.the distance between 
nasal and brow horn cores and probably i in height of brow horn 
cores. Negative relative growth is observed i in height of nasal 
horn cores. | : 

One form (ӨН cata) showed characteristics of two 
different phyletic lines depending upon whether the spines of 
the crest were included in the measurement of the crest or not. 

Restorations in the case of Triceratops flabellatus and T. 
obiusws show excellent сој with ` ше expected рго- 
portions. 
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OBITUARY. = 

` RUDOLF KAUFMANN. 
News has been received of the death of Rudolf Kaufmann at the 
hands of Nazi soldiers some time between 1941 and 1944. In him 


"our science has lost one of its most promising students. 
Rudolf Kaufmarin will be best remembered by his fundamental | 


= ‘research on the evolution of Olenus in the Upper Cambrian’ of 


"Sweden and the island of Bornholm. These beds are characterized 


by. numerous species of that genus, each distinctive of its own ' 


‚ biosone. With immense care Kaufmann collected a large material 
' of cranidia and pygidia.from carefully eelected beds, usually not 
more than 8 cm. apart and, with the help of a specially constructed 
device, measured the proportions of a number of: comparatively 
. easily recognizable features. Не found that each species possesses 
' & number of features that are constant and others ‘that are variable. 
The latter command ‘considerable interest, because it was shown ' 
‘that these variable features undergo certain, directional modifica- 
ions during the geological.history of each species and that, sur- 
prisingly, the trend of these modifications is more ог less identical. 
in suécessive species, that is, it is usually the same set of features 
which is being modified in the saine way. Kaufmann called this 
process "Artabwandlung," an admirably: short and precise term for 
‚ which the writer is elsewhere proposing the unavoidably more cum- 
. bersome term “intraspecific directional modification.” “Intraspecific 
modification anticipates (in the earlier species) and repeats (in the 
later species) the phylogenetic evolution ofthe genus. 
Unfortunately '"Kaufmann's papers were: published in German: 
| periodicals with a limited publication -abroad. They make 
worthwhile reading for ‚ everybody interested in evolutionary 
palaeontology. . n 
:, Rudolf Kaufmann was .born in East Prisla in 1908. ` The 
. infinite variety of boulders of northern origin in the Pleistocene 
‘drift of northern Germany provides the budding geologist with a 
field museum of ‘extraordinary dimensions which was Kaufmann’s 8 


‘playground since early childhood. Play developed into serious 


work and soon Kaufmann studied .at Konigsberg, Munich, and- ` 
| finally at Greifswald under Bubnoff.. When he left the university | 


his training was comprehensive , and his knowledge unusually wide :- 


for в man of his age. He never lost his interest in drift boulders 
to which one of his first publications was devoted. But gradually 
he went farther afield. His evolutionary studies have already been 
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5 


mentioned. As a ‚ ерй of his field won in Брана неке there , 


appeared a study of the joint system. of the Palaeozoic sediments 
in southeastern Sweden. He was familiar with granite tectonics 
and petrofabric studies and applied із knowledge to the study of 
the tectonics and mechanism of intrusion of the Bornholm granite. 
Only a preliminary account of the results was published. The main 
paper. was later suppressed and is now: presumably ‘lost. 


Thus the background was set for а splendid career when 


catastrophe came in 1988, shortly aftér Kaufmann's graduation 
from Greifswald University. Of Jewish descent, though Christian 
. in second generation, he was now в “non-Aryan.” А position in 
Germany was out of the question, Jewish organizations washed 
their hands, scientific emergency committees found thet young men 
“without experience” were not wanted: abroad. Desperately he 
tried to commercidlize one of his many hobbies-—he was’ an accom- 
plished photographer and a certified teacher in sports and ath- 
. letics,— ‘first in Denmark, then in Italy and Danzig, finally back in 
Germany.as teacher in a Jewish school, There followed years of 
prison and hard labour which his remarkable constitution enabled 


` 


him to survive. From prison he maintained.a scientific correspond- ` 


ence with friends abroad. Genetic problems and their application 
to paleontology were closest to his heart and a manuscript began 
to take shape, full of interesting suggestions and possibilities, but 
now. lost forever. An Australian visa was waiting, but all efforts 


_ to obtain his release were in vain. In thé general confusion follow- . 


‚ ing the outbreak of war in September, 1989, he managed somehow 
io make his escape to Lithuania, only to find that the country to 
which he longed to go had closed its doors—he found аё he was 
now & "German of military age." 


After months of uncertainty and suspense he was allowed to 


settle down’ in Lithuania and once more he returned to geological 
work. When Lithuania was incorporated in the U.S.S.R. in 1940 


he was finally appointed to the staff of the Geological Survey at - 


Kaunas and with characteristic seal he at once attacked problems 
of the Pleistocene drift with modern methods. 

After the German invasion of Lithuania 1.1941 Kaufmann con- 
‚ tinued his field work for some time, until one unlucky day two Nazi 
soldiers recognized him on а country road as the “Jew Kaufmann 
from Konigsberg, " took him away and murdered him. 


Those who knew, Rudolf Kaufmann will remember him as a ` 


cheerful companion, an indefatigable | worker, and a sincere and 
‘mature scientist. He shared the fate of millions and his senseless 


death stands as a monument to human wickedness and’ ignorance - 


alike.’ | 
Ам. Jour. Зат.—Уог. 244, No. li, МОТЕЗГВЕВ, 1946. 
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SCIENTIFIC INTELLIGENCE 


‘CHEMISTRY. ' ` 


Currents In Biochemical Research; edited by Davm E. GREEN. 
Pp. viii, 486. New York, 1946. (Interscience Publ., Inc., $5.00).— 
This book is a very interesting series of “thirty-one essays charting 
the present course of Biochemical Research and considering the inti- 
mate relationship of biochemistry to medicine, agriculture and social 

‘problems.” The attempt'has been made to write the essays in as sim- 
ple language as possible consistent with sound scholarship, and оп 
the whole this attempt has been rather successful. However, the diffi- 
culties in this direction can be appreciated if one attempts to traris- 
late the following sentence (page 199) into a form readily intelli- 
gible to a reader with no medical background. “The supraoptic 

. nucleus governs secretion of the autidiuretic hormone of the neuro- 
hypophysis and section of the supraoptic. neurobypophysial fibers 
is followed by insipid polyuria.” 

The thirty- -three authors are active БЕ 29? and authorities in 
their respective fields. The broad selection of topics gives one a 
reliable survey of the status of most of the fields of biochemistry 
at present under intensive investigation, and in. many cases some 
indication of probable directions of future development. The scien- 
„tific material is at some points leavened, во to speak, by a discussion 
of social implications. 

The volume constitutes another Fdo in the important process, 
fortunately at present rapidly gaining momentum, of summarising 
the developments in various fields of natural science in an authori- 
tative form which is at the same time sufficiently non-technical in 
language so that workers in other fields, or even in other branches 
of the same field, will have no great difficulty in following the argu- 
ment. The accelerating rate of accumulation of important scientific 
results шаш an ever increasing effort in this direction. 

JULIAN М. STURTEVANT. 


Окогову. 


Principes de Géologie; by P. Fourmanmer. 2d Ed., revised and 
enlarged. Рр. 1212 (2 vols.); 674 figs., plates. Paris end: ‘Liége, 
1944 (Masson & Cie.; Н. Vaillant-Carmanne S.A.).—The first edi- 
| tion of Professor Fourmarier’s impressive work, published in 1988, 
. was reviewed at length in the AMERICAN JounNAL or ScreNcE (vol. 
28, 1984, pp. 892-894). It is still true that probably no European 
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"text surpasses this one in comprehensiveness;. the wide learning of 
its. author is evident in the length, arrangement aud content of 
the book. : р 


In this second edition the text has been revised: in accordance with | ба 


the progress of geologic knowledge during the last decade, it has 
been enlarged by roughly 80 per cent as to both text and figures, | 
and finally it has been-rearranged to advantage.. An index has been 
added and many of the new illustrations.are three-dimensional, con- 
stituting a great improvement over their predecessors. | 

The principal changes in arrangement occur in the discussions of. 
lithogenesis, structural geology, and the areal geology of the world 
—the latter a subject not: found.in апу American text. Basically the 
general. organization of the. book remains as. before, and runs in 
this order: kinds of rocks; the making of rocks; rock structures; ` 
areal geology of the. world with emphasis on major structural fea-. 


‘tures; physical geography (weather and climate; oceanography; D" 


geomorphology). 

This arrangement is both comprehensive and interestingly’ differ- 
‘ent from that of most American texts. The American teacher of | 
geology follows the uniformitarian principle. Usually he begins with ` 
_ present-day processes and shows how they explain the features dis- 
played Ђу the rocks. Thus the rocks are presented to the student 


` within a framework that emphasizes the conditions: controlling their . ` 


. formation. In Principes de Géologie the rocks are learned: within 
à descriptive framework; not until &he end of the book is reached 
does the reader get:a full picture of the processes that made them. 

"Again, American teachers of elementary students like to treat his- 


de torical geology in terms of the geologic colum, reconstructing Earth 


history period by period. Professor Fourmarier prefers an areal 
or regional treatment, somewhat. after the manner of Suess. This 
method is admirable for more. advanced students, but most American 
teachers believe it is not well suited to the elementary level. The , 
areal picture here presented is clear and concise, and would be so` 
useful that it is Баны that it has no counterpart in the English 
language. 

In the field of cosmogony European texts are far. behind the. 
progress of knowledge and speculation. The 1988 edition of Prin- 
cipes de Géologie set forth only the Nebular Hypothesis. The 
present edition ` states that that, hypothesis is. still, "generally. 
accepted, at least in Europe," but presents briefly the original, 1901, 
version of the Planetesimal Hypothesis, and goes no further dian, 
' to mention (by name only) the contribution proposed by Jeans in 

1916. Professor Fourmarier would perform а real service for Euro- | 
- pean geologists if he were to enlarge. his treatment still further, 


А 
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including the later ideas of Jeans and.of Chamberlin, the various 
contributions. of Jeffries (1924: and later), the suggestions a Rus- 
sell (1985), and the recent work of Alfvén..  - 

However, the geologic field is во large that no general work can 
hope to give full coverage to all parts of it. The: present work is 
an excellent and useful reference work, and as. such it-deserves con- 
sideration by ML American dI 
RICHARD FOSTER FLINT. : 


MisceLLANEOUS SciaNTIFIC INTELLIGENCE. 


Handbook ‘of Meteorology ; Edited by E. A, Berry, Je., E. Bor- 
Lay, and М. В. Вкеня. Pp. ix, 1068; profusely illustrated. New 
York, 1946 (The McGraw-Hill “Book Co., $7.50). Meteorology 
with Marine Applications; by Уплалм L. Donn. Рр: xv, 465; 24 
tables, profusely illustrated. New York, 1946 (The McGraw-Hill 
Book Co., $4.50).—Two books on meteorology, recently issued by 
the sdme publisher, are extremely different. One, a huge tome of. 
1068 pages,-is so precise and exact that it is hard reading. The 
other, less than half as large; is so easy to read that in places it is ' 
inaccurate.  — 

"The first book, “Handbook of Meteorology; edited by three naval 
` officers, Berry, Bollay, and Beers; consists of various.articles with 
а length of anywhere from ten to 120 pages by twenty-two authors. 
It begins with 120- pages of tables and’ diagrams. Some of them 
‘are highly valuable, but others, such as a table of the melting points 
of metals, seem far removed from meteorology. Unfortunately, there 
is practically no text to explain the tables. . 

Another 120 pages on meteorological calculations is practically a 
pure mathematical treatise. -Later.sections are not quite so technical, 
although most are designed only for the mature expert. They deal 
with many aspects: of the physics of the клар especially the 
origin of storms. 

As a matter of general interest.the reviewer was struck by the 
following quotation from the, preface:. “Perhaps greater собрега- 
tion is required among individuals and among nations in the practice 
of meteorology than in any other social effort of man.. This is so, 
simply because even short-period forecasts often depend on зупор-, 
tic data that are beyond the reach of the individual theteorologist 
or the individüal nation." 

This need for extremely broad’ coüperation 1 is dibus one reason 
for another condition to which two of the authors refer, namely, the 
incompleteness of our knowledge of the weather. According to H. J. 
Stewart of the California Institute.of Technology “there does not 


~ 
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exist at the present time any complete and coherent'theory of the 
general atmospheric circulation . . . (although) most of the details 
of the atmospheric motions are’ well understood.” 

C. G. Rossby of Chicago University speaks similarly: “The sci- 
ence of meteorology ‘does not yet have а universally accepted, 
coherent picture of the mechanics of the general circulation of the 
atmosphere. 'This' is partly because observational data from the 
upper atmosphere still are very incomplete, but at least as much- 
because our theoretical tools for the analysis of atmospheric motions 
are inadequate. Meteorology, like physics, is a natural science and 
may indeed be regarded аз. а branch of the latter; but, whereas in 

ordinary laboratory physics # fs always possible to set пр an experi- 
ment, vary one factor at a-time, and study the, consequences, meteor- 

'ologists have to contend with such variations as nature. may offer, 


and these variations are seldom so clean-cut as to permit the estab- ` 


lishment of well-defined relationships between cause and effect.” 
After this introduction Rossby presents.a new: and highly .sug- 
gestive analysis of the circulation of the atmosphere. He con- 
ceives of the vertical circulation of the air as consisting of three 
- closed circuits on each side of the equator. In the trade ‘wind zone 
the air moves equatorwerd near the surface, upward near the equa- 
tor, poleward at high levels, and down again in the tropical sone 
of high pressure. In the storm belt of middle latitudes the air moves 
in the opposite way, that is, away from the equator near the earth's 
surface, upward at the northern edge of this belt, equatorward.at 
high levels, and then down again. Finally, around the poles, we 
have a circulation like that at low latitudes. In other words, if 
one could look from the west toward a vertical section of the atmos- 
phere running north and south, he might see the air moving іп three 
great whirls. The whirls near the equator and near the poles move 
anti-clockwise. The one in the middle moves clockwise. Storms, 
which ‘are the main subject of this book, are formed in general 
where the central whirl impinges on the northérn whirl. | 
One of the most interesting features of. this comprehensive and 
valuable book is what it omits. Nowhere is there more than the 
most perfunctory discussion of the fluctuations which occur not 
merely from day to day, or season to season, but from year to year. 
The book illustrates the remarkable progress made by meteorology 
in recent décades along the line of analyzing the movements of the 
air, It adds practically nothing to our understanding of the rea- 
sons for periods of drought, such as those in the 1980s, or for other 
fluctuations such as the prolonged hot spell experienced in the 
United States in March, 1946. Meteorology, like other sciences, 
moves forward first оп one leg and then on another. At ће present 
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time the leg illustrated by this book is very fae in advance of the 
_ other. 

The second book, "Meteorology with Marine Applications," by 

У. L. Donn, is written very simply and clearly, and is admirable 
for exactly the purpose expressed in its title. It gives a general, 
and on the whole, reliable outline of the subject, and slows how 
the various meteorologieal principles apply to the mariner. 
’ The chief criticism of the book is that in the attempt at simplifi- 
cation the author has gone so far that he sometimes gives a dis- 
tinctly wrong impression. For example, on page 12 he says that 
the air is almost completely transparent to the sun’s rays.. He pays 
no attention to the fact that the shorter wave lengths are almost 
completely cut out by the air. At high levels they create the ozone 
layer by converting O, into O,, and it is now recognixed that this ' 
layer is of considerable importance metéorologically. Again, on 
page 29, he gives a table for the "lapse rate," that is, the average 
rate at which the air actually becomes cooler as one goes upward 
from the earth's surface. On page 82 he gives another and quite 
different table showing the “dry adiabatic rate." The amateur 
student receives from the text no hint as to why these two tables 
ате-во different. The poor student is likely to get them thoroughly 
confused. 'The good student will be much worse off because he will 
wonder what is the matter. ‘Only on page 48 18 there any hint that 
an explanation is needed. | à 

Again on page 57 we are told that the oceans are the main source 
. of atmospheric moisture, and that "this condition is as old as the 
atmosphere and the ocean themselves. Yet there has been no signifi- 
eant diminution of the volume of the seas nor increase in the water 
vapor of the air." То a geologist it would certainly seem that dur- 
ing the glacial period the volume of the ocean changed significantly. 
Water enough to raise the sea level perhaps 250 feet was then taken 
from the ocean and locked up in the form of ice. Such mistakes are 
due largely to the author’s attempt to make this book easy to read. 
Many of them could be corrected by adding such words as "usually" 
or "almost." On the NE however, the book is good. 

-RLLSWORTH HUNTINGTON, 


Fight Years of Archeological Work in Southern Mexico, Outlined 
Story of Newly Discovered La Venta Culture, News Release’ from 
National Geographic Society—‘‘After four months of field work 
near San Lorenzo, Veracruz State, in southern Mexico on the third 
of a group of important centers of the La Venta culture, a joint 
archeological expedition of the National Geographic Society and 
the Smithsonian Institution has returned to Washingon.. 


"1 
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“The сазвана. led by Dr. Matthew У. Stirling, has бош: to | 
the United States а complete photographic record of the excavations 
and а quantity of small objects to be subjected to further study.. 

“The season’s:activities mark the conclusion of eight years of work 
_ by Dr. Stirling under the sponsorship of the two institutions. The 
inquiries „began in 1989 with the uncovering of a colossal basalt 
sculpture in the fórm of a human head, near Tres Zapotes, a village 


їй Veracruz State. The site proved to have been a ceremonial center, 


marked also-by earthen mounds. One of the most important discov- ` 


' eries during the series of expeditions was made at Tres Zapotes in 


1989: an inscribed stela bearing in Mayan characters the earliest 
recorded date, believed to Ђе contemporary, so far brought to light 
in the Western Hemisphere. The date has’ been interpreted as 
, 291 В. C. according to thé Spinden correlation or 81 B. C. а 
.son correlation. . 

“The following year Dr. Stirling and his associates T excava- 
tions at the site of La Venta, Tabasco, so rich in monuments and 
artifacts that it has given its name to.the newly discovered culture. 
La Venta, ünlike the other two ceremonial centers, was a place of 
burial for important personages among the La Venta people. · From 
the graves the excavators have recovered large quantities of orna- 


“ments and other art objects of jade, rock crystal, and ‘serpentine, as 


well as a great variety of baked clay figurines, many of them of high 
artistic value. . These objects are now in the National Museum in 
Mexico City. 

“The San Lorenzo site, worked in 1946, is the farthest inland of 
the three sites excavated.: It lies about sixty miles from the Gulf 
of Mexico on the Rio Chiquito. It is also the.niost extensive of the 
centers, and there, apparently, the sculpture of the La Venta culture 
reached its highest development. The five colossal heads discovered ' 
. &re for the most part better made, better preserved, and bigger than 
those from the other locations. Some of the heads are nearly ten feet 
' high and are estimated to weigh more than twenty tons. 


^ “The eight years of'study in southern Mexico indicate that the La 


Venta culture at Tres Zapotes started about А. D. 800 and lasted , 


` there until about А. D. 1,000. The La Venta and San Lorenzo sites 
'apparently were developed later and abandoned earlier. 


“The correlation of art forms and pottery types points to the prob- 
ability that the La Venta culture was a forerunner, of much of the 


© culture of the Mayas, the Toltees, and the Aztecs. It is even con- 


‚ sidered possible by Dr. Stirling that the La Venta peoples invented: ` 
the calendar and number: system for жеп ‘the Mayas are usually 
given credit.” | 
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HOW OLD IS THE COLORADO RIVER? 
CHESTER R. LONGWELL. 


ABSTRACT. Wide divergence of published views regarding. the date at 
which the Colorado River acquired its present through-flowing course calls 
for erftical appraisal of the known evidence. Stratigraphic evidence west 
‘of the Colorado Plateau is as follows: 

(1) The Muddy Creek formation, which is ‘the youngest known. interior- 
‘basin deposit-through which the river has cut, may be as old as Miocene. 
Earlier classification of the formation as Pliocene (?) rested on grounds 
that now séem to be invalid. | 

` (2) The oldest known deposits of gravel and silt that can be ascribed 
to the Colorado River have yielded limb bones of a camel, which I once 


accepted as evidence of Pleistocene: age. I am now informed that a date . 


. as early as Pliocene is not precluded: 

Therefore the course of the river west of the Plateau may date from 
late Miocene or early Pliocene time. . It is suggested that an earlier drain- 
age in the Plateau area may have been diverted to the present course partly 
by volcanism, and partly by crustal а during the great ерејто- 
genic uplift of the region. 


INTRODUCTION. 


HE Colorado River, cutting its valley ‘deeply into ‘varied 

bedrock in three major geologic provinces, has provided 
unexcelled lithologic, structural, and geomorphic exhibits. 
These exhibits furnish critical evidence bearing on the geologic 
history of a vast region. However, one of the major unsolved 
problems of the region is the date of origin of the river itself 
as a through-flowing stream in-its present course from the high 
continental interior to the Gulf of. California (Fig. 1). Solu- 
tion of this problem would throw à ‘flood of light on regional: 
Tertiary events and relationships that now are obscure. 

Since Powell's first historic trip down the Colorado, more 
than 75 years ago, several field workers have published their con- 
cepts of the origin and development of the river. ‘Among the 
first of these was C. E. Dutton, (1882), whose ideas are dis- 
cussed in later parts of this paper. , Two publications in recent 
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| years may Ve cited as representing extreme divergence i in views `` 


regarding the.date at which the, present Colorado drainage 
‘came into existence. ` Blackwelder suggested (1984)—as a 


‘NEVADA 





Fig. 1. Index map showing Colorado River and outline of dts drainage $n 
básin; elso, locations of principal topographie кашы mentioned in text. ` 
(After E. Bianan) | 


` frank hypothesis, seemingly in dekad with admittedly. insuf- 
ficient data—that the Colorado as we know it resulted from | 
integration of drainage in a number of’ arid interior basins, ` 
when, in late Pliocene and Pleistocene time, great regional uplift 
was an important cause of.a more pluvial climate in the Rocky ·. 
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Mountains and adjacent plateaus. "According to this ны 
the river, as a channel for exterior drainage, “did not exist 
“until about the beginning of Pleistocené time.” - More recently, 
Hunt (1946) has argued for the view that the Colorado River 
аз an integrated drainage aysteni dates from early Tertiary 
time. Geologists who have по direct acquaintance with the 
region will be at a loss to understand: so wide a divergence in 
interpretation, and may welcome а &tudied summary of perti- 
nent field evidence. I have a particular interest in undertaking | 
such a review and appraisal because, authors of the НЕЕ 
views have cited some of my own field work. gh a 


d ^ VIEWS OF ЖАНТУ ‘WORKERS. 


Dutton, who seems to. have agreed essentially with Powell in 
. his views regarding the history of the river, confined his atten- 
tion exclusively to the part. of the valley within the Colorado 
Plateau. To him the main events in the history appeared to be 
in clear and simple relation. During Paleozoic and Mesozoic 
times, the entire area was asea floor, receiving sedimentary 
deposits. At the close of Cretaceous time, the region acquired 
а positive tendency. Irregular upwarping produced а series of 
wide basins that became fresh-water lakes, in which Eocene 
deposits such as the “Pink Cliffs formation” accumulated. 
. With continued uplift, a drainage pattern of consequent 
streams must have formed.:, Once established, the positions of 
major valleys were essentially “immutable.” Under a humid 
climate during all of early and middle Tertiary time, the rising 
land was under continuous attack by the.Colorado and ite 
tributaries, with the result that the thick formations from the 
Eocene to the “Permian” (meaning the Moenkopi formation, . 
later determined to be of Lower 'Triassic age) were removed 
froma wide area. This period of.erosion was Dutton’s “Great 
Denudation," at the conclüsion.of which the Kaibab limestone, 
- "now at the rim of the Grand Canyon, floored а broad lowland 
flanked by subdüed uplands. on remnants of the younger rocks. 
In late Tertiary time, according to Dutton, the regional 
climate became more arid, and widespread uplift occurred, 
. attended by large-scale faulting and monoclinal folding. Ву 
this assumed dating of the East Kaibab monocline and related 
_ structural features, he sought to explain the anomalous behavior _ 
‘of the river in leaving an area of, moderate altitude east of the _ 
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fold, to cross the -much higher Stan Ио 4nto which the . 


Grand Canyon has been cut. Thus, according to Dutton’s © 


. concept, the course of the Colorado through the canyon is ante- 


cedent ; the stream, nourished by run-off near its headwaters, 
was able to cut into the crustal blocks. аз fast as they were 
forced upward. Later studies have shown that the great mono- 
clines of this region were formed before deposition of the Eocene 
sediments, and it is.now accepted that the Colorado was super- 
posed on such folds, though the date and the exact mode of 
superposition are not known. It cannot be said with assurance, 
however, that Dutton’s concept. of antecedence in the Grand 
Canyon is wholly invalid. We do not know how much localized 
uplift along faults or by differential warping has occurred 
athwart the stream since its course was established. 

Dutton acknowledged that the dates he assigned to the 
several stages in the history of the river had no basis in direct 
stratigraphic evidence. The Plateau is subject to active ero- 
sion, and hence it contains no record of thé stream’s history in 
the form of sedimentary deposits. Dutton’s reasoning rested ` 
largely on what he knew. of the broad regional history, and on 
his conviction that major consequent stream courses, once they 
become established, àre not subject to radical change. 


Evinencz West oF THE PLATEAU. 
INTERIOR-BASIN DEPOSITS. - 
Blackwelder (1984) has stressed the evidence found west of 


the Colorado Plateau, where the intermont basins contain quan- 
tities of sediments deposited during Tertiary and later epochs. 


- The geology between the Grand Canyon and Boulder Dam, 


4 


described in some detail in several papers by the present writer 


(1928, 1986, 1937, 1945), is represented generally in tbe map 
and section of Fig. 2. Canyons cut through the southern Vir- 
gin Mauntains and the Black Mountains reveal pre-Cambrian 
and Paleozoic rocks, similar to those in the Grand Canyon. . 
The adjoining structural troughs are floored with thick deposits 
that ^ were laid down under conditions ‘of interior drainage. 
Coarse fan ‘debris near the mountain borders (Plate 1, A) 
gradés:basinward into- fine-grained: clastic sediments (Plate 
1, B), interlayered with evaporites, such as fresh-water lime- 
stone, gypsum (and anhydrite), glauberite, and rock salt. As 
Blackwelder has emphasized, these materials, a widely 
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. and беку along the баштай as well as far to the neath and У 
_south of the river, are nowhere admixed with the characteristic ' 
pebbles of a large stream brought from a distance and repre- 
‘senting widely: dispersed types of lithology. Сойтве fragments ' 
in the deposits are locally derived from the adjoining highland 
blocks; bedrock sdurces are readily identified, amd the frag- 
ments testify, by their distribution and .their- predominantly 
angular shapes, to erosion and deposition through the agency 

‚ of numerous-small ephemeral streams. Isolated as well as con- | 
` fluent fans ere easily recognized, with arrangements of coarse 
-debris indicating both torrential stream-flow and mudflows. .. 
. ` The finer-grained sediments and precipitates that are spread . . 
widely over the basin interiors suggest fluctuations between 
conditions that foster playas and those responsible for shallow. | 
Saline lakes. A particularly thick and widespread deposit of. 
nearly pure gypsum and апћудгње in the Virgin-Detrital 
Trough indicates a large saline lake of long duration (Plate 
2). Extensive lavas, as well as fragmental volcanic products, . 
form an important part of the total section. (Longwell, 1986.) 
Thickness of the basin deposits is large, but the full measure 
із not known. In the Muddy and Virgin Mountains, remnants . 
‘of the coarse marginal facies are found within the mountain — 
‘borders more than 1,000 feet above the adjoining basin floors,- 
Depths to which the deposits extend "beneath these floors are. 
not known, although eroded anticlines and domes reveal only 
the typical evaporites and fan-debris, many hundreds of feet . 
thick. There is good evidence that faulting, at the mountain. 
borders recurred while Apamon was in роде, and locally 
at a later date. 
Age-determination of ‘the тайы TERM poses a. critical 
"problem that so far has defied definite solution. Possibly the 
` deposits represent moré than one geologic: epoch. Angular 
unconformities in the section may have more than local sig- 
düficance, and ‘striking changes in lithologic character, ‘even 
within one basin, suggest important changes in the environ- 
ment of deposition. Following Stock (1921), I have used the 
term Muddy Creek formation for a thick series of predominantly : 
yellowish beds in the basin sequence within the intermont areas ' 
' adjacent to-the Muddy Mountains. Proper limité for extension 
of this formation name, areally and vertically, are not. satis- ` 
factorily determined. it appears, however, that the: typical 
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Muddy Greek beds comprise the. youngest part of the basin 
sequence recognized thus far, and therefore the actual geologic 
date of these beds is of critical muet in connection with the 
Colorado River. . 

In several publications. X kave йй the Muddy Creek deposits | 
`- ав. of doubtful Pliocene age. Unfortunately other writers have 
forgotten the query attached to ‘this date, and have quoted 
| my classification of the formation as definitely Pliocene. "There 
is no warrant for this unequivocal dating, and I have been at 
fault in helping to perpetuate even the dubious classification 
` without more evidence than has been available. ‘The entire 
basis for the tentative age-assignment was as. follows: The 
Muddy Creek formation resembles the “Panaca beds,” consid- 
‚ erably farther north, in which Stock (1921) found bones.of 
characteristic Pliocene mammals; and the Muddy Creek 
deposits lie with strong angular unconformity on'the Horse 
Spring formation, which mitially was correlated with the Upper 
Miocene Esmeralda and Barstow formations because of peculiar `. 
chemical precipitates common to the three unite. Later dis- 
covery (Rubey and Callaghan, 1986) of Upper Cretaceous fos- 
sils in clastic deposits that are essentially conformable with 
the Horse Spring (though at a much lower stratigraphic hori- 


~ zon), suggests: that.the latter formation may not be younger | | 


than early Tertiary. Moreover, the only fossile thus far reported. 
from the: Muddy Creek formation are bones of mammals, 
which Stock (1921) finds of doubtful value, but suggestive of 
Miocene date. Therefore, if we are to continue a tentative age- 
classification of the Muddy Creek formation there is more war- 
rant for Miocene (?) than for Pliocene (?). 


Blackwelder (1934) has summarized the evidence for a -` 


change in climate i in western United States from semi-tropical 


, - and humid in the early Tertiary epochs to more temperate and . 


semi-arid or arid after mid-Miocene time. The Muddy Creek 
deposits record. aridity” and interior drainage i in wide basins 
that lie athwart the Colorado River. There is no possibility ` 
that the river was in its present position west of the Plateau 
during Muddy Creek time. The suggestion occurs that. a 
stream, either permanent or intermittent, may have developed. 
on the site of thé present Grand Canyon, and debouched into 
the closed basins west of the Plateau. However, if such а 
stream had any considérable length, it should have Ровии 
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rounded pebbles representing the varie 
Grand Wash Cliffs. ‘No such stream-w 
found in the basin deposits described аЪо 
seems strongly unfavorable also to any : 
made by the Colorado River in early T 
: been faulted down and entirely conceale 
, that record an arid interregnum. Su 
" assume that a large valley in the Plate: 
through the long Muddy Creek interval, 
telltale record. in basins into which n 
poured immense quantities of debris, bc 
agree with Blackwelder that the sum o 
Plateau points strongly to origin of tl 
position after Muddy Creek time. Не 
. , restriction is concerned, the river may 
. through all of the Pliocene opoch. 

The basin deposits in the Grand Was. 
considerably in character from the typi 
in Virgin Valley and Callville Basin, i 
' Extremely coarse fan-debris, derived ir 
pre-Cambrian bedrock of the southern V: 
was spread eastward into the trough. ( 
1945). This fan material from the west 
“individual masses of granite and gneiss up 
formed a thick fill, extending almost to t 
block (Plate 3, A). In contrast with | 
ous erosion on the west side of the Tre 
on the east side had only moderate devel 
fragments are comparatively small, and 
' short distances west of the Plateau edge ( 
5. and 19), to intertongue with the much ] 
built from the west. Thus it is clear t 
hanging wall of the Grand Wash fault w 
ing or uparching of the Virgin Mountains 
ant highland (Longwell, 1937). The b 
Plateau must have remained at low altitu 
have contributed more generously to fillir 

There has been no recurrence of movem 
Wash fault since the basin sediments n 
down. These deposits, which include lar, 
stone and freshwater limestone above the 
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А. Typical coarse fanglomerate of the Muddy Creek formation, within 
half a mile of the southern Virgin Mountains block. Fragments are of 
gneiss and granite, which compose the bedrock of this closely adjacent high- 
land. Deposit is firmly cemented. Beds tilted, near fault. 





В. Silt and fine sand, with some clay, moderately indurated, and т 
fairly regular lay This facies of the Muddy Creek formation is wide- 
spread in the Virgin-Detrital and Callville basins, grading laterally into 
coarse fan debris near the mountain walls. Many parts of the section 
are rich in gvpsum and other salines. 
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А. Nearly pure gypsum and anhydrite, hundreds of feet thick, flooring 
an area of several square miles in the Virgin-Detrital trough. Valley of 
Colorado River, cut into this deposit, is seen in the left background, Note 
peculiar drainage channels cut into gypsum. 





B. Looking west along Colorado River to Black Mountains. about 6 
miles distant. Gravel-covered terraces in foreground, underlain by gypsum 
and other salines. Dark lava in middle distance lies on gypsum and dips 
southward beneath thick gypsum and anhydrite forming light-colored hills, 
These salines grade into fanglomerate bordering the mountain block. 
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A. Looking north at dissected coarse fanglomerate, about 1'5 miles west 
from mouth of Grand Canyon. Grand Wash Cliffs under skyline at right. 
Large bloek on pedestal is 15 fect long; it and others at right consist of 
peeuliar porphyritie granite, with closest hedrock source 12 miles west of 
view, in southern Virgin Mountains. 








B. View south, from point near Colorado River, 2 miles west from 
mouth of Grand Canyon. At left, Paleozoic formations in edge of Plateau. 
Lower ground on basin deposits—-fanglomerate, siltstone, and freshwater 
limestone, which overlap eroded edges of the Paleozoic strata. 
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A, Remnant of Colorado River gravels capping terrace 750 feet above 
modern stream profile. Note overlapping of pebbles that shows direction 
of current. Hammer gives scale. 





В. Gravel-capped terraces north of Colorado River, about 20 miles west 
of Plateau. ‘The two distinct terraces are about 60 and 100 feet above 
stream. Remnant of higher terrace in middle background, at 220 feet. 
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бей disturbed by. fading! in the five-mile-wide belt between the 
Plateau and the tilted Paleozoic strata at the eastern margin | 
of the Virgin Mountains (Fig. 2; Plate III, B).. Hunt has 
commented on this fact as follows, (1946, р. 28): “Most of the 
uplifting [of the Plateau] occurred before late Tertiary time, 
in the Grand Canyon region, at least, because the late Tertiary 
Muddy Creek formation overlaps the escarpment formed along 
the Grand Wash fault, and proves that the major movement 
on the boundary fault was pre-Muddy Creek.” This analysis 
. seems to assume that movement on the great fault must have 
involved important uplift of the footwall block. Theoretical 
considerations do not demand such uplift, and the field evidence 
cited above—coniparatively feeble development of fans on the 
east side of the Trough—indicates continued low altitude of 
the Plateau block during the faulting episode. , Presumably, 
therefore, the undisturbed deposits in the Trough were later 
elevated with the plateau block, and have yielded to subsequent 
erosion because of inferior resistance. Although it has long 
been accepted doctriné that at its western edge the Plateau was . 
lifted along an abrupt fault boundary, cumulative evidence 
indicates that regional upwarping included а large section in 
the Basin-and-Range region, where differential erosion has 
since reduced to low altitude the areas underlain by basin fill. 
The upwarping was accompanied by important movements on 
faults west of the main Grand Wash fault. 
In this connection, it should be emphasized that correlation 
of the deposits in the Grand Wash Trough with the Muddy 
Creek formetion of the Virgin Valley and Callville- Basin is 
open to very serious question (Longwell, 1986). The Grand 
Wash section has, at the base, a fan deposit of exceptional 
coarseness; the section is deficient in saline deposits, as com- ' 
` pared with the Muddy Creek -formation; and it has as its upper 
member a large thickness of freshwater limestone not matched 
“in the Muddy Creek deposits, but strikingly similar to some 

limestone in the older Horse Spring fonti (Longwell, 
. 1928). | 

At the suggestion of К. Е. Lohmann, of the U. S. Geological 
Survey, I collected from the Hualpai limestone, in the Grand 
Wash Trough, a large suite of specimens, in the hope that 
diatoms generally present in such lake deposits of Middle and 
Upper Tertiary age might provide a key for dating. Since no 


~ 


s 
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diatoms were > found ж the collection, ihere is the: suspicion, 
. based on negative evidence, that the limestone may be pre-Mio- 
сепе in age. Thus it is possible that basin: deposits were formed 
athwart the course of the present Colorado River in more than - 


` oùe Tertiary- Spon 
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COLORADO RIVER DEPOSITS. 


| Deposits made by the through-flowing Colorado are unmis- 
takable.. They contain, as a characteristic ingredient, gravel 
made up of rounded pebbles and cobbles,. representing a large | 





Fig. 8. Generalized section in 'Callville Basin showing relations between’ . 
(1) Muddy Creek formation, (2) oldest ‘Colorado River deposits 
(cemented), (8) next younger river gravels, (4) Chemebuevis lake beds, | 
(5) high terrace capped with river gravels. . Different patterns for the ' ' 
.Chemehuevis represent predominant clay and silt in lower part, predomi- 
nant sand in upper part. Р, profile of Colorado River, altitude ` about 
675 feet. Е 


+ 


number of ee types found in the Plateau. ne these 
gravels have also an imbricate arrangement that reflects the 
direction of current-flow (Plate 4, А). These coarse ingredi- 
ents are interbedded with varying он of sand and, silt 


‚ (Plate 5, A). 


The characteriotic river deposits found са the Plateau 
and Boulder Dam fall into three general divisions, represent- 


`. ing more ог less definite épisodes in ‘the history of the stream. 


у 


` 
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| These divisions, in order of i increasing age; аге: '(1) modern 
deposits along the channel. of the stream as it was operating 
before the risé of Lake Mead; (2) similar deposits capping a . 
"series of largé terraces distributed through a vertical range of | 
several hundred feet above the modern stream profile (Plate 4, 
В); (8) somewhat indurated beds, locally much deformed, into 
which the modern stream has cut (Plate 5). Relations cf. 
gravels in the three general divisions, as вёеп in Callville Basin, 
are represented in Fig. 8. · Interposed between divisions (2) and 
' (8) (between 5 and 2 of Fig. 3) в.а thick deposit of sand, silt,: 
and clay——the Chemehuevis formation (Longwell, 1936). In, 
` brief outline, the history recorded in this series of deposits 
` is аё follows. After the river had cut its valley to essentially 
its present form and depth, wrth adjustments to local faulting 
and folding across its course, a change of conditions caused . 
deposition of a thick fill, which reached to a height of several 
hundred feet, and probably аз much аз 1,000 feet, above the 
valley floor. In large part these deposits appear. to be defi- 
mtely lacustrine, and therefore the river must have-been ponded, ` 
possibly by broad upwarping in the lower part of its course. 
Since the filling occurred during the Pleistocene, perhaps part 
of it reflects climatic change that resulted in overloading. 
After the filling reached a maximum, the river again cut down, 
. removing the major part of the fill and developing a fine set of |: 
gravel-capped terraces. Although the Chemehuevis sediments 
are unconsolidated and easily eroded, hundreds of remnants lie 
at various levels .along>the valley below the Grand Canyon, the ` 
. larger ones in locations sheltered from lateral cutting by the - 
stream (Plate 6). 
Definite dating- of the oldest river deposits in the section 
would set à-minimum age of the-Colorado in its present course. · 
. These old beds were'exposed at several points along the valley 
before Lake Mead was. filled, but the best and most extensive 
exposures were in Callville Basin, where the beds were turned 


up sharply and folded in а wide belt ‘adjacent to a fault at the n 


border of the Black Mountaine (Plate 5). AH of the deposits 
in this deformed section, séveral hundred feet thick, were 
cemented well enough to stand-in cliffs. The deformation was. 
entirely pre-Chemehuevis. I found in the upturned beds of gravel 
and silt the femur of a camel, which was identified as “not far 
from Camelops huerfanensis,” and was pronounced Pleistocene 
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in age (1936, р. 1442). However, the bone was recently sub- 
mitted to George Gaylord Simpson, who doubts that it belongs 
to the genus Camelops, and states that “the specimen could 
very well be Pliocene or Pleistocone.”! "Thus we have the pos- 
sibility that as early as sometime in the Pliocene epoch the 
Colorado, in the stretch west of the Plateau, had fashioned its 
valley to essentially its present form. 
. None-of the fragmentary remains of plants : and animals that. 
have been found in the Chemehuevis formation near the Colo- 
` rado River appear to have diagnostic value. - However, light- 
colored clays and silts that are either'part of or closely related 
to the' formation, extend up tributary valleys,‘ and these 
deposits have yielded abundant fossils, both vertebrate and 
invertebrate. In Las Vegas Valley I have collected elephant 
teeth, fragmentary bones of camels and horses, and small snail. | 
shells representing a number of genera and species. Some years 
ago I submitted specimens of the snails to the late Frank С. 
Baker, who made the following identifications: .- : 


Valocata humeralis californica Pils T Lx 
Руза virginea Gould ~ 
Gyraulus similaris Е. С. Baker · 
Gyraulus vermicularis hendersoni Walker р 
Stagnicola bulimoides techella Hald р 
Pisidium. Several species. | у 
Fossaria species indet, possibly new. 

| Pupilla muscorwm Linn 
Succines oregonensis gabbs Tryon? 


The following comments accompany the list: 


-“The deposrt may be safely referred to the Pleistocene . . 
Some of the species listed live in swampy ' places or in ephemeral 
pools. Others are known to live in larger lakes, more or less 
. permanent . : . The two groups of species frequently live in the 
same place, the mud-loving species along the shore ог in shel- . 
tered places, and the others in the more open part of a lake” 
(1982). ` ; 

Simpson (1988) studied and identified a number of vertebrate 
fossils collected from the light-colored beds near Las Vegas. 
Included in his list. are horses, ыы! an сены (Columbian 
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mammoth), duds bison. Of the. entire group he says, "This . 
. fauna is obviously of Pleistocene character. Of the forms of 
mammals so far known, at least 65 per cent are extinct, and 
these all belong to species or genera apparently confined to 
the Pleistocene.” · Simpson ‘disagrees, however, with the convic- 
tion of some paleontologists that this association of extinct 
mammals is a criterion of Early Pleistocene date; he refers to ` 
‘evidence indicating that many of the forms ишег until the . 
Late Pleistocene. 
' Rose (1988) has studied the Бина clays and silts in 
the Las Vegas amd neighboring valleys. He agrees with me 
that these deposits seem to be closely related to the Chemehue- 
vis formation? 


POSSIBLE INTERPRETATION OF THE EVIDENCE. . 


As explained on an earlier page, I'agree with Blackwelder . 
that the evidence now in hand points strongly to the origin of 
the Colorado in its present course after the Muddy Creek for- . 
mation was deposited.' However, the tentative dating of this 
.formation as Pliocene has always been.questionable, and now 
seems to lack any basis of tangible evidence. If we accept the 
probable Miocene date for the Muddy Creek suggested by 
Stock, all of the time since the late Miocene may be invoked 
for development. of the river and its valley. The supposed 
basis for definite Pleistocene age of the oldest recognizable 
Colorado River deposits. now appears to be invalid, and these 
deposits, which indicate an advanced stage in development of 
the river valley as we know it, may date well back in the Plio- 
cene epoch. "The advanced degree of cementation and the 
strong local deformation of these beds contrast with the lack 
of consolidation and of disturbance in the overlying Chemehue- 
vis formation, and suggest a considerably earlier date of origin. 
It із well to consider also the direct implication of the Cheme- 
huevis formation, in connection with the history of the Colo- 
rado. This deposit was formed after the river had.cut tts 
. valley to its present form and depth. Large remnants of the 
Chemehuevis fill were found on the valley sides directly below 

the mouth of the Grand. Canyon (Plate 6, B), showing unmis- 
| takably that cutting of the canyon was. essentially complete 
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· before ilis fill was introduced, perhaps fairly early in the 
. Pleistocene epoch. Thus the suggestion that the river began 
` its history about the beginning of Pleistocene time seems wholly : 
untenable. 
On the other hand, argüments that the йа River has 
‚. occupied essentially its present course since early Tertiary 
_ time, аз urged by Dutton and recently by Hunt, do not carry 
_gonviction. Lacking direct evidence for tts support, the con- 
“cept seems to rest on reasoning somewhat as follows: The 
Plateau region has been above the sea sincé late Cretaceous 
time. There is evidence that a fairly moist climate prevailed in ` 
' western United States during the early Tertiary epochs, and 
therefore an integrated system of drainage channels must have 


> . Become established оп the area of the present Plateau. These 


. channels would have been incised during later uplift. In Dut- 
ton’s view a drainage system, once it.is developed, is essentially. . 
“immutable.” Moreover, іп his interpretation the course of the > 

' Colorado persisted even in spite of strong upfolding across its ` 


: path, a conclusion that hae not survived later study: 


Hunt makes the following statement-in-favor of his concept: 
‘The course of the Colorado at Grand Canyon Нез across one 
.of the highest parts of the platedu, high structurally and 

topographically, so this part of the River’s course undoubtedly 
dates from a time when the adjoiming part of the Plateau was 
much lower with respect to the drainage basin upstream" 
(1946, p. 24). True enough; but at what date did uplift occur 
to produce the present high altitude of the Grand Canyon dis- 
trict? Hunt interprets the evidence at tlie Grand Wash fault 

` as pointing to the main uplift “before late Tertiary-time.” The 


weakness of this analysis is explained above (р. 824). More- 


over, cumulative regional evidence seems to establish a post- 

Miocene date for the great epeirogenic movement responsible for 

` high altitudes in the Rocky Mountams and adjoining plateaus 

` (Fenneman, 1981, p. 107). | Ж 
Hunt recognizes that deposits of local derivation lie across 

the course of the Colorado west of the Plateau, and that the 


river could mot have been in operation there while this deposi- : - 


tron was in progress, He suggests that elevation of the High 
Plateaus may have created “a rain shadow to the eastward along ` 
- 800 miles of the river’s course,” and that the resulting aridity, . 
‚ together with differential uplift across the valley in the Grand 
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| Canyon district, may have caused temporary ponding within the ^ 
Plateau area, thus permitting basin deposits to accumulate 
farther west. However, I know of no evidence indicating that 
the High Plateaus were elevated earlier than the Rocky Moun- 
tains, from which the Colorado derives most of its flow at pres- 
ent. Moreover, Hunt’s suggestion appears to underestimate ` 
' the significance of the basin deposits that border the river for . 
hundreds of miles west of the Plateau. These cannot be des-. 
cribed as local “conglomerates” and “gravel”; they are vast 
-sheets of waste that filled wide structural basins between moun- 
tain ranges. This waste extends. far below the river channel, 


as shown by eroded folds and domes; it once overtopped impor- ` 


. tant parts of the Virgin, ‘Muddy and Black Mountains, as indi- 
_ cated by remnants high above the present basm floor. ‘The 
thickness, &real extent, and character of this basin fill bear 
eloquent testimony to & long régime of interior drainage, under 
an arid climate, throughout the basins now crossed by the 
through-flowing Colorado River. ` 


Presumably the river was superposed бод the upper surface. ` ` 


of the basin fill, and іп this way the deep canyons, such as 
Boulder Canyon, were cut through the ranges that now extend . 
across the course of the river. Superposition of the river across | 
these ranges must have occurred while the Grand Canyon was 
being cut into the Plateáu block. The narrow gorge does not 
continue west of the Grand Wash Cliffs, merely because the 
weak fill in the intermont basins has yielded rapidly to erosion. 
An old concept that downfaulting is solely responsible for the 
low altitudes of the intermont basins is in need of revision. 
There is clear evidence, extending into the Great Basin far 
beyond the Colorado River drainage, that vast quantities of 
intermont waste were swept out by & syetem of integrated 
stream channels during the reign of more pluvial climates in 
Pleistocene time. Along the Colorado itself, excavation of the 
weak intermont deposit probably has been continuous since the 
- through-flowing stream established its course, except during the 
interval of а ‘that resulted in the Chemehuevis 
formation. ' . 

Those who argue for йг Ка of the Colorado will con- 
tinue to raise the question of drainage disposal in the Plateau 
area during Miocene and pre-Miocene time. Geomorphic fea- 
tures, such as incised-meander patterns and remnants of erosion 
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surfaces with subdued relief, furnish 
advanced development of the present s 
: of the “canyon cycle" (Moore, 1926; ( 
ever, we are without any assured dat: 
geomorphic features. - There has beer 
Miocene for vast changes im landsc 
uplift has given free play to the agenti 
to project the present drainage syster 
Tertiary encounter possible difficulty 1 
of.the regional history. Intensive oro 
. of great thrusts and folds striking 
‘affected a wide belt directly west of th 
of the Cretaceous period: . Presumably 
zone extended across the course of the p: 
early Cenozoic time, with structural у 
‘raphy opposed to any westward dri 
Plateau area. Logically the early d: 
may have been southward, since ranges 
lay to the east, and the Uinta arch to 
| system of streams may have removed f 
district most of the Mesozoic sectio: 
“Great Denudation" of Dutton. If tl 
` developed chiefly in the Mesozoic forma 
pal valleys reached the'old-age stage b: 
now be difficult or perhaps impossible 
that, may have been abandoned or rever 
of drainage. 

The Miocene seems to have béen an ‹ 
activity in the Cordilleran region. Vas! 
volcanic ejecta lie in western New Mexi 
possibly ecross one or more outlets of 
tem that served the Plateau area. Ор! 
ing large-scale warping and faulting, 
the close of the Miocene, and continued 
Pliocene. It is recognized that such m 
plateaus caused radical changes in dr 
reversal of flow in some large valleys. ] 
the chief results of volcanic obstructioi 
movement, may have been reversal of c 
part of the area and initiation of a new 
of the streams—the San Juan, the Gree 
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А. Old Colorado River deposits in Callville Basin, 100 to 200 feet above 
modern stream. Dark beds made of gravel (like that in Pl. 4, 4); light- 
colored beds of silt and fine sand. All beds fairly well indurated, and 
tilted strongly westward. 





B. Indurated Colorado River deposits near mouth of Boulder Canyon, 
tilted steeply near a large fault. Scale given by hammer, left of center. 
Advanced cementation of gravels indicated by form of beds at protruding 
edges. 
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A. Large remnant of Chemehuevis deposit north of the river near mouth 
of Boulder Canyon. Thickness of 600 feet in exposed edge of remnant. 
Lower, cliffy part chiefly clay, in thin layers; upper part chiefly sand, in 
thick, cross-bedded layers like those shown in B, below. 





B. Characteristic remnant of Chemehuevis formation on valley side, % 
mile west of Plateau, about 150 feet above river. Deposit made up of 
gigantic “varves,” each consisting of a thick sand layer, ending upward in 
a thinner layer of clay. Nine of these units in view, ranging in thickness 
from 7 to 10 feet each. River gravel, about 50 feet thick, at top. 
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аз well as the upper part of the Colorado itself—possibly kept 
essentially their'old locations. Breaking down by faulting of 
the old mountain barrier west of the Plateau may have played 
an important róle in determining the choice of the new outlet. 
If the uplifted Plateau surface was essentially a peneplane, 
super-position of the new drainage channel across the bevelled 
East Kaibab monoclime and other structural features must have 
started from this eurface, along a consequent course determined 
by topographic irregularities. Some ponding would have been 
inevitable in the early stages of establishing a new outlet; how- 
ever, all traces of the resulting temporary shallow lakes must 
- have been destroyed by later erosion, which has also removed 
vast quantities of rock from the weak Mesozoic formations, par- 
ticularly in the area east of the Grand Canyon district. 

In outlining the foregomg hypothesis, it has been assumed 
that the Plateau has had exterior drainage continuously 
through the Cenozoic era. However, ав Blackwelder suggests, 
the region probably was unable to support & through-flowing 
stream like the Colorado for a considerable period after the 
onset of aridity in the western interior, about the middle of 
the Miocene epoch, and until regional uplift created mountain 
heights capable of condensing adequate moisture to nourish 
large streams. During such an interval the drainage of the 
Plateau area would have been accomplished by intermittent 
streams ending in a number of separate closed depressions, as 
in the Great Basin region at present. Miocene volcanic materi- 
als may have accumulated during this time in critical low areas 
in the southern part of the present Plateau; and in early stages 
of regional uplift, differential warping may have aided in pro- 
ducing a slope generally to the north in those areas. When 
the Cordilleran region attained such altitude thatmcreased pre- 
cipitation in the Rocky Mountains supplied a surplus of runoff 
into the Plateau, the configuration of the surface may have been 
such as to guide the overflow along a mew consequent course to 
the west. This version of the hypothesis resembles Blackweld- 
er’s, modified to account for drainage during early Tertiary 
time. | 

The suggestion of an earlier drainage southward from the 
Plateau does not rest on any direct field evidence known to me. 
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However, in the field of speculation there are logical possibilities 
other than persistence of a drainage pattern from Eocene time ' 
to the present. Evidence found west of the Plateau strongly 
suggests an alternative possibility. 


CONCLUSION. 


The title of the present discourse is properly in ihe form of a 
question, since it is not now possible to outline a full history of 
the Colorado River draimage without resort to speculation. 
However, evaluation of the evidence now in hand definitely 
favors a date of origin considerably more remote than that sug- '- 
gested by Blackwelder, and much later than that proposed by 
Dutton and Hunt: Although the exact age of the critical 
` Muddy Creek deposits is not yet fixed, the available fossils do 
not suggest a date earlier than Miocene, and the evidence of 
regional aridity favors an Upper Miocene assignment rather 
than older. Simce fossil evidence in the oldest recognizable 
gravels and silts laid.down by the Colorado River indicates a 
date of deposition not earlier than Pliocene, presumably the 
river acquired its present course west of the Plateau after late 
Miocene time. 

Students of the Grand Canyon are awed by its: ТРЕТИЯ 
and some may question whether all of the time since the end of 
the Miocene is adequate for this gigantic task of excavation. 
Several estimates agree ion 10,000,000 years as the right order 
. of magnitude for the time elapsed since the start of the Plio- 
cene epoch. Would the cutting of the canyon require a longer 
interval? Surely our knowledge of rates of erosion is not a 
reliable guide in computing length of time. A dependable hie- 
tory of the Colorado River will. be possible only when all of the, 
critical features of the тез can be dated by accepted geologic 


methods. 
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STUDIES IN THE MICA GROUP; THE 
BIOTITE-PHLOGOPITE SERIES.* 


E. WM. HEINRICH. 


ABSTRACT. The chemistry of the blotite-phlogopite series is discussed 
and examples are given of members with maximum percentages of the 
constituent elements in order to illustrate the variation in chemical com- 
position. Several hundred analyzed biotites and phlogopites are grouped 
into eight classes according to geologic occurrence and their Fe,O,-- TiO,— 
FeO--MnO-MgO ratios are plotted by groups on triangular diagrams. 
That each group occupies a restricted field in the diagrams illustrates the 
fixed relationships between chemical composition and geologic occurrence. 
However, biotites from extrusive rocks do not fit the diagrams. The rela- 
tion beween the indices of refraction and chemical composition is shown 
by plotting y against Wt. % FeO--2(Fe,O,4-T1O,). Ferric iron and titan- 
ium appear to have an effect on the indices in the order of twice that of 
ferrous iron. i 


id INTRODUCTION, 


Г the spring of 1942 the writer began'an investigation of the 

mica minerals in an attempt to correlate variations in chemi- 
cal composition with geological occurrence, and to a lesser 
extent physical properties with chemical composition. An 
extensive survey of the literature was made to obtain a соПес- 
tion of analyses and related data that would be as complete 
as possible. During the fall of 1945 the analyses were studied: 
and an attempt was made to present the results in a systematic 
manner. The writer is greatly indebted to the late Professor 
Harry Berman who suggested the study and contributed much 
Ко its early progress, to Professor E. S. Larsen for valuable dis- 
cussions during its later progress, and to Professor C. S. Hurl- 
but for а critical reading of the manuscript. 

Nearly 800 analyses of biotites and phlogopites were 
obtained from the literature, and eight unpublished analyses 
were made available to the writer by Professor E. S. Larsen. 
In some analyses the source of the material was not stated, and 
consequently the data were valucless for the first part of this 
study. In many cases optical and physical properties were not 
given for the analyzed micas, and these analyses could not 


* Contribution from the Department of Mineralogy and Petrography; 
Harvard Baie No. 280. 
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be used for the second part of the study. Biotites that con- 
taim excessive water and correspondingly low potash were dis- 
regarded as being weathered. Analyses of the rarer members 
of the series, such as manganophyllites, mangarphlogopite, · 
barium biotites, and calciobiotite, were not used in plotting the 
triangular diagrams. The publication of the large number of 
tabulated analyses is not attempted, but the analyses and their 
sources are retained in the writer’s files and are available for 
reference. | 


MEMBERS OF THE BIOTITE-PHLOGOPITE SERIES. 


The general formula in the biotite-phlogopite series can 
be expressed Ъу:. УУ (КУ )а-—122160, (ООЊЕ), (Berman, 
1987), where | 


W = К, minor Na,Ba,Ca - 

X = Mg, Fe", Mn” 

У = Al, Fe", Ti’, Ма“, and rarely Ti” 
Z = Si, Alin a ratio of 5:8 to 6:2 


In Table I are presented a number of analyses which were 
chosen to indicate in.a general way the maximum content of 
various constituents or pairs of constituents in members of the 
series. 

Micas rich in either ferric iron or ferrous iron are common, 
but relatively few biotites contain both iron atoms in more than 
moderate amounts. Most biotites contain small amounts of 
Til’, with a recorded maximum of about 12% TiO. Biotites 
that contain high percentages of TiO, are generally low in 
Ее,О, but may be rich in either FeO ог MgO. Analysis 5 is an 
example of a biotite with a moderate amount of ferrous iron 
and a high TiO, content. Analysis 6 is a phlogopitie biotite that 
has a high content of titanium associated with large amounts of 
MgO. Trivalent titanium has been reported to occur in biotite 
(Amal. 7), but it appears to be uncommon. | 

Except in the manganophyllites, manganese, either divalent 
or trivalent, is uncommon. In biotites small amounts of MnO 
are associated with a high content of either ferric or ferrous 
iron (Analyses 8 and 9). The highest content of divalent man- 
ganese is reported from a manganphlogopite (Analysis 10). 
Some manganophyllites contain both divalent and trivalent 
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‘manganese; others have only divalent manganese; and in a few | 
the manganese is chiefly in the divalent form. 

. The alkali metals are the minor variables in the series. Sodium 
substitutes for potassium in limited amounts in only a few bio- 
tites. ‘Calcium and barium are present in very limited quanti- 
ties. A maximum of about three atoms of sodium may occur 
either in iron-rich biotites or in phlogopites (Analyses 18 and 
14). . Barium appears to accompany only magnesium-rich bio- 
tites or phlogopites (Analyses 15 and 16). The highest con- 
tent of calcium is reported from а micaceous mineral from am 
altered limestone block in a ‘tuff at Vesuvius (Analysis 17). 


CHEMICAL VARIATION WITH GEOLOGIC OCCURRENCE. 

In determining the genetic grouping of the mica it is neces- 
sary to note whether it has formed as & normal constituent of 
the rock or whether it crystallized under atypical conditions. 
For example, biotite from a fayalitic nodule in & granite has 
formed under conditions different from those under which the 
ordinary granitie biotité developed and would be expected to 
show a consequent difference in chemical composition. Likewise 
biotite from & schist inclusion in pegmatite formed in an 
environment different from that of ordinary pegmatitic biotite. 
In each case the histories of the two types are different, and 
the micas cannot be placed in the same genetic group. 

The biotite-phlogopite micas occur as primary constituents 
of many types of igneous rocks, both intrusive and extrusive, 
which range in composition from felsic to ultramafic. They 
also occur in pegmatites, metamorphosed limestones, and hydro- 
thermal veins. Biotite is a common constituent of gneisses, 
‘schists and other metamorphic rocks. Undoubtedly the mineral 
forms under a wide variety of conditions. The chemical com- 
position is a reflection not only of the elements and proportions 
‘thereof available for formation but also of the geologic environ- 
ment under which the mineral crystallizes. Thus biotites from 
syenites differ from those in granites, and those, in turn, differ 
from biotites-from more mafic rocks. Biotites from extrusive 
rocks are different in composition from those in the intrusive 
equivalents even though the rocks may be very similar in 
chemical composition. Schauberger (1927), in his study of 

-biotites of the alkalic rocks of Bohemia concluded that the iron- 
` rich biotites occur in the felsic rocks of the petrographic prov- 
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ince and the magnesium-rich ones in the mafic rocks ай that the | 
composition of the biotites, with respect to iron and magnesium, 
was related to the Fe-Mg ratio in the parent rock and not 
to the absolute amounts of Mg and Fe present. 

To express this variation in a quantitative way it was meces- 
sary to decide upon the fundamental chemical variants and then ` 
to groüp the occurrences systematically. After some experi- 
mentation a triangular diagram with the plots, Fe,0, + Ti0,, 
FeO+Mn0, and vee was chosen. The occurrences were 
grouped as follows: 


Granitic pegmatites 
Granites, quartz monzonites, НЫ 
'T'onalites, diorites . 
Gabbros | 
Peridotites and other ultramafics 
Syenites, nepheline syenites, and syenitic pegmatites 
Gneisses and schists 
` Metamorpbosed limestones 


Qo XC mV e Ce NS rs 


Very few analyses have been made of biotites from hydrother- 
mal veins, and the general characteristics of this group could: 
not be determined. Likewise relatively few biotites from extru- ` 
sive rocks have been analysed. 


BIOTITES FROM GRANITIC PEGMATITES. 


It is recognized that granitic pegmatites may contain hydro- . 


thermal, biotite, and every effort was made to include in this 
group only primary magmatic biotites. These biotites (Fig. 1) 
are characterized chiefly by a very high content of FeO, which 
has a maximum of about 80%. Both MgO and Fe,0,+Ti0, 
&re less than 10%, with MgO generally the smaller. 


BIOTITES FROM GRANITES, QUARTZ MONZONITES, GRANODIORITES. 


Many analyses have been made of biotites from granites and 
granodiorites. The FeO content ranges from about 12% to 
25% (Fig. 2). The content of Fe,O,-- TiO, generally is less 
than 10% and the MgO content may be as high as 12%. 4 
‘few analyzed biotites from rhyolites and latites fall at a con- 
siderable distance outside of the general field. 
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Fig. 1. Biotites from Granitic Pegmati 
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Fig. 2. Biotites from Granites, Quartz Monsonites 


BIOTITES FROM TONALITES AND DIOR 
- Figure 8 shows the distribution in compos 
from tonalites and diorites. The field lies within 
‘granitic field (Fig. 2), but is restricted to the ‹ 
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Fig. 8. Biotites from Tonalites and Diorites. 
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Fig. 4. Biotites from Gabbros. 


MgO. In general the FeO content is lower, but the range of 
Fe,O,4- TiO, is the same. One of two biotites from andesites 
falls within the field, but the other is at a considerable distance 
from it. г 
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BIOTITES FROM GABBROS. 


Most biotites from gabbros and other mafic intrusive rocks 
have an MgO content of 15-20% (Fig. 4). The ratio of 
FeO--MnO to Fe,0,+Ti0, of many approximates 1:1. The 
maximum FeO content is about 10%, and the maximum Fe,0, 
content is about 8%; but TiO, is high in those in which the 
ferric iron is low. Some of the basaltic biotites fall within the 
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Ёї `5. Biotites and Phlogopites from Periodotites and other Ultramafics. 


field of concentration, and others lie outside of it. The extru- 
sive biotites of this group are more similar in chemical composi- 
tion to their intrusive equivalents than in any other group. 


BIOTITES FROM ULTRAMAFIC ROCKS. 


Micas of the ultramafic rocks are phlogopites or phlogopitic 
biotites that contain a maximum of about 6% Fe,O, and 5% 
FeO. The content of TiO, is generally very low. The MgO 
maximum is nearly 30%. Many of these micas appear to be 
intermediate in composition between true phlogopites of the 
metamorphosed limestones and biotites from less mafic intru- 
sive төбө, > ' 
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BIOTITES FROM SYENITES, NEPHELINE SYENITES, AND 
SYENITIC PEGMATITES. . 


Biotites from syenitic rocks contain the highest percentages 
of Ее,О,. Included in this group are the lepidomelanes, a term 
that has been applied to biotites rich in either ferric or ferrous 
iron or both. The FeO content may also be very high, with a 
maximum of nearly 82%, but in general it is less than in bio- 





tites from granitic pegmatites (Fig. 6). The percentage of 
MgO may be as much as 9%, but it rarely exceeds 7%. Bio- 
tites from the pegmatitic facies are apparently richer in either 
ferric or ferrous iron than those from the plutonic rocks, but 
"biotites from the equivalent extrusive rocks appear to be much 
richer in MgO. | 


BIOTITES FROM GNEISSES AND S8CHISTS. 


Despite the variation in mineral content and texture of meta- 
morphic rocks, most of these biotites have a closely restricted 
range in chemical composition (Fig. 7). The FeO maximum 
is 2096; Fe,0, is generally less than 10%; and MgO is com- 
` monly less than 18%. The field occupied by this group includes 


844 | E. Wm. Heinrich Studies in the 


the area occupied by the intermediate group (Fig. з) but 
extends beyond it toward the field of the gabbroic biotites. 
Although both ortho- and paragneisses are included in the ` 
group, the biotites show no extreme variations in composition. 
A few biotites from amphibolites were plotted and fell into the 
area of the ultramafic biotites. 





Fig. 7. Biotites from Gnelsses and Schists. 


PHLOGOPITES FROM METAMORPHOSED LIMESTONES. 


The micas that occur in metamorphosed limestones are phlo- 
gopites very rich in magnesium with a maximum MgO content 
of about 30% (Fig. 8). Many of these contain very little iron, 
and the maximum content of the two iron oxides is less than 
10%. A special group that is not plotted on the triangular 
diagrams is the manganophyllite sub-series, which includes the 
magnesium-nianganese micas that are generally low in iron. 
These contain a maximum of 12% МпО--Мп.О,. 


‘BIOTITES FROM .РЕСМАТІТІС FACIES. 
The diagrams indicate that biotites from pegmatitic facies 
im the granitic and syenitic groups are richer in iron than those 
from the plutonic equivalents. In the other intrusive groups 
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Fig. 9. Biotites from Extrusive Rocks. 


the meager data that are available indicate that this relation- 
ship is probably also valid. Rubidium- and caesium-bearing 
biotites are known only from pegmatites. 
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| BIOTITES FROM EXTRUSIVE ROCKS. 


Except for basaltic biotites, the extrusive ones do not fit at 
all well the fields of their intrusive equivalents. Not enough ' 
analyses are available for a complete picture of the relation- 
ships between the two, but in general the extrusive ones are 
poorer in FeO. Biotites rich in Fe;0,4- TiO, and with mod- 
erate amounts of MgO appear to be restricted to extrusive 
rocks (Fig. 9). In many of the extrusives the analyzed biotite 
occurs as phenocrysts, which may not have attained chemical 
equilibrium with the groundmass. Also oxidation of some of 
the iron to the ferric state may have taken place. 


RELATION OF INDEX OF REFRACTION TO CHEMICAL 
COMPOSITION. ^ 


Several attempts have been made to show in a quantitative 
way the relation between the indices of refraction and the 
chemical composition of biotites (Grout, 1924; Kunitz, 1924; 
Winchell, 1985; Kunitz, 1986; and Hall 1941). Grout 
plotted « and y against the combined weight percentage of 
FeO and Fe,O, and obtained а curve with a uniform slope up 
to about 28% of the oxides, after which point the curve flat- 


‚ tens slightly. "Twelve analyses were used. Kunitz plotted a . 


~ 


against the weight percentages of the two theoretical “end- 
molecules,” K,HAIMg(Si0,), and KH,AlFe,(SiO,),, and 
obtained a straight line with seven analyses. 

The theoretical “erid-molecules” used by Kunitz (1924) and 
Winchell (1985) have little significance im the etructure of the 
biotite molecule, nor can the variation in chemical composition 
of the series be expressed adequately in terms of them. Kunitz 
(1986) showed that in those biotites in which the total iron 
remains nearly constant the index of refraction increases with 
increasing titania, a relationship which can be expressed as a 
straight line function. Hall (1941) calculated that 1% TiO, 
increases the refractive index by .0046. Hall plotted also 
y against weight percent FeO ‘апа obtained two general fields, 
one of which (Field 1) contained the iron-titanium biotites and 
the other (Field 2) with lower indices xum contained the iron- 
manganese biotites. 

The writer plotted the y indices of ва of about 60 
biotites and phlogopites against the weight percentages of 
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, FeO+Fe,0,, but no simple relationship was evident. Next the 


indices were plotted against the weight percentages of MgO, 
but this result was even less satisfactory. А third trial con- 
sisted of plottimg the indices on а triangular diagram of the 
type employed in Figures 1-9 and then contouring the result, 
büt this scheme was unsuccessful. | 

А fairly well defined curve was obtained by plotting the 


. indices against the combined weight percentages of FeO, Fe,O,, 


4600 


and TiO, This had the advantage of throwing nearer to the 
Hne many of the analyses in which Fe,O, is low, for it is in 
these biotites that the higher percentages of TiO, occur. · In 
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Fig. 10. The Relationshi р between Index of Refraction and Chemical 


Composition in the Biotite-Phlogopite Series. 


general, however, the curve was unsatisfactory, especially for 
the biotites unusually rich in ferric iron. 

It is likely that increments of FeO, and TiO, have a greater 
effect; upon the indices than have comparable additions of FeO. 
To test this idea the weight percentages of Ее,0,, and 710, 


' were weighted by various nuríübers. The best curve was obtained 


when a factor of 2 was used (Fig. 10). Thus it appears that 


‘the effect of the ferric iron and the titanium is about twice 


that of the ferrous iron. The y indices of a few manganophyl- 


lites were also plotted against 14(Mn,0, or MnO)+2(Fe,0, 


+TiO,). These plots fall reasonably close to the curve and 
indicate that the effect of the ашы is less than that of the 
ferrous iron. 
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THE PRINCIPAL THESES OF THE 
GENETIC SYSTEMATICS OF 
INTRUSIVE BODIES. 


А. A. POLKANOV. _ 


MEMBER or THE ÁcADEMY ок Sciences or U. S. S. В. 


1. The genetic systematics of intrusive bodies may be based 
оп the following principal thesis: “Every intrusive body, аз a 
whole, represents & state of equilibrium existing between the 
endogenic forces of the active magma on the one hand and the 
tectonics and kinematics of its enclosing frame on the other. 
The internal structure of every intrusive. body is controlled 
by the relation between the period of the crystallization of the 
magma and that of its endogenic kinematics, as well as by the 
synchronous kinematics of the frame.” This principal thesis 
modifies and “expands the thesis previously advanced by 
H. Cloos (1986).* 

The factors contained in the first part of the newly advanced 
thesis determine the principal geological features peculiar to 
intrusive bodies. The róle of the activities displayed by sub- 
crustal and intracrustal magma will now be severally discussed. 

2. The active forces of subcrustal magma take part in 
stimulating the kinematics of the earth’s crust, and, conse- 
quently, in determining its tectonics, as well as in evoking 
magmatic activity. The active forces of intracrustal magma 
are made manifest: a) in the chemical effect produced on the 
formation of the frame, which is controlled by physical-chemical 
laws (migmatite- and migma-plutons) ; b) in the vertical move- 
ment of the magmatic column, due to gravitation (migma-, 
and diapir-plutons) ; c) in the hydrostatic pressure caused by 
the column of rising magma (central subvulcanoes, diapir 
dykes, sills, laccoliths, bysmaliths, lopoliths in part, interforma- 
tional chonoliths, etc.) ; d) in the action caused by changes of 
phase-equilibrium in the gaseous-liquid magma (diatremes, 
necks). Hence four genetic types of intrusive bodies can be 
distinguished. 

3. The two-story, or many-story cratogenic and orogenic 
structures in the earth’s crust (I. supracrustal formations, П., 


ПТ... basement) are in themselves an armor almost impene- 
1 Cloos, H.: 1986, Einführung in did Geologie, p. 75. 
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trable by the magma, but within them there are several direc- 
tions favorable to the distribution and spreading of the magma 
' (the anisotropic structures of rocks, the boundaries of layers 
and formations, stratigraphic ‘and tectonic disconformities). 
The impenetrability of the cratogenic and orogenic structures 
of the earth’s crust can be overcome only by its kinematics and 
` by the active forces of the magma. The latter are modified by 
the different tectonics and kinematics of the frame. Hence two 
principal groups of intrusions—those in cratogenic regions and 
those in orogenic regions—should be distinguished. 
4. There are no less than four types of kinematics peculiar 
· to the cratogenic regions of the earth’s crust, which are accom- ` 
panied by magmatic activity: fractures a) of regional faults 
(Africa) ; b) of gigantic folds (the Rhine elevation) ; c) of the 
Moore-Cloos type (the Caledonian foreland in Sweden and the 
Kola Peninsula); d) of tangential flexures (Oslo, the Kola 
Peninsula). ' Accordingly, the following types of intrusions 
are found to occur im the one- and two-story cratogenic struc- 
tures: a) joint instrusive bodies, which are synkinematic with 
the fracture of four genetic types, in which the frame is mostly 
passive (extension of earth’s crust) and less frequently active 
(compression of the earth’s crust), and b) intrusions connected 
with the effect produced by the active magma (for the most 
part those of type 2 b, c). 
` 5. Three types of intrusions—pre-orogenic, synorogenic, 
and apo-orogenic—can be distinguished according to the differ- 
‘ent tectonics and kinematics of the earth’s crust in orogenic 
regions. In the pre-orogehic period the structure and kine- 
matics of the earth’s crust. in orogenic belts-—both in those 
.belts that had and those that had no preparatory geosynclinal 
stage—are very much alike and also closely resemble those in 
cratogenic regions, differing from each other in the thickness 
of supracrustal formations and in the amplitude of the vertical 
movements. Accordingly, the pre-orogenic intrusions in these 
regions are like those in cratogenic regions (dikes, sills, lacco- ' 
liths, etc.). In the synorogenic period, in accordance with the 
differing tectonics and kinematics the intrusive bodies in the 
orogenic regions are also different: a) depending on whether 
they had a preparatory geosynclinal stage or b) they had a 
geosynclinal preparation. In the first case (a) the formations 
of the basement are limited in their plastic deformation and 
disrupt in longitudinal fractures, along which the kinematics 
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of several hard blocks are found to occur. In contrast to this, 

the supracrustal formations are subjected to folding, plastic 
deformation, fractures and thrusts in which the blocks of the 
basement also take part. In case of intrusive activity the 
magma penetrates into the lower story along the fráctures, and 
ifits mass is small the movement and' distribution of magma is 
controlled by the kinematics of the hard blocks, and at.a higher 
level by the kinematics of the plastic deformation in the supra- 
crustal formations. Here the effects of magma activity are 
limited, but are found to increase as its mass grows in volume, 
reaching particular importance where the magma spreads along 
the boundary of disconformity between the supracrustal forma- 
tions and the basement (plutons of the west European Vari- 
scides). In the second case (b), owing to the development of 
ultrametamorphism, universal plastic deformation is found to 
occur in both stories and the boundary between them is effaced. 

Small masses of magma on being subjected to the universal 
kinematics of the frame, also take part in its movement, 

migrate, and undergo considerable deformation, which is the’ 
greater, the less yielding the plastic rocks of the frame are. 

Only large masses of magma are able by their movement to 

‚ affect the nature and direction of the kinematics of the frame. 

Thus conformable and accordant intrusions of ophiolites 
proper of island arcs, basic magma, and granodiorites are 
found to originate, sometimes forming phacoliths, which are 
situated not only in geosynclinal troughs, but also penetrate 
into the overthrust sheets (Scandinavia). Ultrametamorphism 
results in granitization and in the development of synkinematic 
migmatite-plutons, then later of longitudinal migma-plutons, 

and finally, of diapir-plutons, because the chemical activity of 
the magma is effective first and later is followed by the action 
of gravitational forces. However, under conditions of ultra- 
metamorphism as well, the unequal plasticity of the rocks, 
causes the development of boudinage structures and feather 
_ joints, within which “interboudinage-plutons”. and veins of 
feather joint-type are formed and filled with secretional magma. 
Here likewise “dead” boudinage-plutons are formed of pre- 
orogenic magmatic bodies. 

6. Under apo-orogenic conditions the impenetrability of the 
earth's crust in orogenic belts is disturbed by another type of 
kinematics, 1.е., fractures that accompany the formation of 
gigantic folds, or the phenomenon of epeirophoresis. In the 
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first case the kinematics of the earth’s crust is similar to that 
of cratogenic regions, and their #пігизіорѕ are therefore very 
much alike, differing only in the modification of magmatic activ- 
ity by the more complex tectonics inherited from the synoro- 
genic period. In the second case disconformable cross-cutting 
intrusive bodies are formed, in which the magma has crystal- 
lized under conditions in which the frame was relatively passive, 
or in contrast to this, others in which the distribution of the 
' magma is controlled by the kinematics of the frame and by the 
increased activity of the magma in the upward direction. 
Hence in a number of cases these latter intrusions are similar 
to those of cratogenic regions. 

7. The above stated data show that such factors as the 
activity of the magma and the tectonics and- kinematics of the 
frame may serve as basis for the classification of intrusive 
bodies. ‘Only the above-suggested principal division makes it 
possible further to distinguish and characterize intrusions 
according to: a) their distribution in the different stories and 
‘structures of cratogenic and orogenic regions; b) the relation 
between their boundaries and the structures of the frame; c) 
their shape; d) their relative size; e) the geological importance 
of the totality of certain types of intrusions among the total 
number of other types of the same geological cycle. 

8. The division of intrusions according to their inner nature 
and structure can be made by introducing the well known cri- 
teria, namely those of “pluton” and “subvulcanic.” Among 
these in turn, monophase, multiphase-multiple, and composite 
intrusive bodies should be distinguished. Finally, to each intru- 
sive phase the second part of the previously cited thesis (§ I) 
should be applied. This will permit us finally to divide and 
characterize every type of intrusion, for it determines the evo- | 
lution of the textural and structural facies of rocks, the types 
of teleo-structures of intrusive bodies, partly the kinds of differ- 
entiation processes that took place in sitü and even the types of 
endogenic and exogenic joint tectonics. 'This final charac- 
terization and subdivision of'all intrusive masses сап be formu-. 
lated as follows: 3 2 

9. According to their mode of evolution intrusive bodies 
may be I, primary precrystalline and II, primary paracrystal- 
hne. The first type (I), the primary precrystalline intrusions, 
in which movement of the magma preceded crystallization 
(apoendokinetic crystallization) while the frame remained pas- 
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sive, shows a normal granitic textural character. It may be 
divided into subtype A, non-differentiated intrusions, having an 
isotropic rock structure and, consequently a teleo-isotropic 
geological structure, amd subtype B, differentiated intrusions, 
having an anisotropic rock structure and a teleo-anisotropic 
geological structure. According to the arrangement of teleo- 
anisotropism, we may distinguish conformable, non-autonomous 
intrusions (a vast number of sills, etc.), and disconformable 
autonomous intrusions. The joint tectonics of type I is linked 
only with the phenomena of contraction during cooling. 

Type IL, primary paracrystalline intrusions, in which crys- 
tallization was followed by movement of the magma (synkine- 
matic crystallization) may likewise be divided into two sub- 
types A and B. Subtype A, is termed an endosynkinematic 
intrusion owing to the passivity of the frame; it has a granitic 
or а gneissose texture (at the margin of the intrusion). In this 
case the structures of the rocks are invariably anisotropic, and 
therefore intrusive bodies are teleo-anisotropic. They can be 
further divided into groups of non-autonomous (non-viscose 
magma) and autonomous (viscose magma) intrusions, which 
in turn may be either differentiated or non-differentiated, and, 
finally, these can be further distinguished according to their 
internal structure (teleodome-like, teleospheroidal-shlieric). 
The joint tectonics of subtype A is endosynkinetic (partly the 
proper granitic tectonics of H. Cloos). Subtype B is called 
pansynkinetic, because crystallization ‘occurred simultaneously 
with the movement of the magma and of the frame. The result- 
_ ing rocks have invariably gneissose structure with anisotropic 
structures. The intrusive bodies may be teleo-anisotropic- 
autonomous (less frequently) and non-autonomic-conformable 
and each of them may be differentiated (the types of differen- | 
tiation) and non-differentiated. The joint tectonics is endo- 
or exosynkinetic. | 

10. Finally, if a solidified “dead” intrusive body is newly 
subjected to the action of the kinematics of its frame, this 
renewed movement causes the intrusive body to be deformed and 
disrupted by fractures, faults, zories of tectonites, and boudin- 
age structures, which may or may not be accompanied by pre-, 
para-, or postcrystalline recrystallization, resulting in the for- 
mation of various metamorphic facies of rocks. There are pre-, 
para-, and postcrystalline “dead,” or “metaintrusive” bodies. 


ACADEMY or SCIENCES, 
Moscow, U. S. S. R. 


THE ORDOVICIAN TRILOBITE | 
DIMEROPYGE. | 
G. WINSTON SINCLAIR. о 


ABSTRACT. Dimeropyge occurs in Middle and Upper (?) Ordovician 
rocks of Europe and America. A Canadian species is тетет two new 
species are defined, and the other four Eee are noted. 


INTRODUCTION. 


T genus Haploconus was erected by Raymond (1913, p. 
61) for trilobites “related to Cyphaspis, but differing in not 


having isolated basal lobes on the glabella, and in having a less 
prominent axial lobe on the рут.” Bathyurus smithii 
Billings, which had described from a fragmentary cranidium, ` 
was taken as a genotype. Raymond described and referred to 
H. smithi the only complete specimen known. Unfortunately 
the reproduction of his figures: was poor, and the genus has 
been confusing to later workers. Thus Warburg (1925, p. 
199) suggested that it might be a synonym of Tórnquistia Reed 
(1896, р. 485), and Öpik. (1987, p. 82) was misled into com- 
paring with it a pygidium of quite different aspect, and 

described its true pygidium under a new name. | 

Since the name Haploconus was used earlier by Cope for a 
mammal tooth (1882, p. 417), Opik’s name is available for the 
trilobite which should be called Dimeropyge. 

My notes are based on specimens in the collections of the 
Geological Survey, Canada, and I am grateful to Dr. W. A. 
` Bell, Chief of the Survey’s Palaeontological Division, for per- 
mission to study them. Dr. В. Darnley Gibbs of McGill Uni- 
versity has kindly made the photographs of these minute fossils. 


‘Tut GENOTYPE. 


Opik (1987, p. 82; pl. 12, figs. 1-2; pl. 4, fig. 5; pl. 19, fig. 1) 
described a small pygidium as Dimeropyge minuta, new genus 
and species. He was doubtful of its relationships, and sug- 
gested among other possibilities that it might belong to the 
cranidia which he described as T'órnquistía ? minuta (Niesz- 
kowski) (рр. 29-31, pl. 2, figs. 3-6; pl. 8, figs. 1-2; not pl. 4, 
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figs: 1, 2, 6)* The Canadian specimens show that this is the 
correct association, and that the species belongs to the genus 
for which Raymond had proposed the unavailable name Haplo- 
. conus. The genotype then is Dimeropyge minuta (Nieszkowski 
1857), described originally as Sphaererochus minutus, and - 

sometimes referred to Menocephalus. The species is said to’ | 
be frequent in the Kukruse beds (C2) of Esthonia. The most 
striking difference from the American species is the lack of 
the post-rhachial piece in the pygidium, but the pygidium is 
known in only two of the latter. Neither of these two species 
shows nodes on the pygidium, but they are present on the thorax 
of D. gibbus. 


DESCRIPTION oF CANADIAN SPECIES. 
Dimeropyge smithis (Billings). 
(Plate 1, figure T). 


ма smithii Billings, 1862, p. 56. 
Billings, 1868, р. 158, fig. 114a. 


The Ө and only known specimen is a poorly preserved 
partial cranidium, consisting of the glabella and most of the 
fixed cheeks. Glabella convex, narrowing forward, broadly 
rounded in front, surrounded by a deep furrow; no glabellar 
furrows seen. Fixed cheeks convex, uniting in front as a pre- 
glabellar field which is bent down gently. Palpebral lobes nar- 
row, rather long. Occipital furrow strong both on the cheeks 
and mesially. Neck-ring long, with a minute median tubercle. 
Surface, anterior margin and free cheeks unknown. 
^ Ав preserved the specimen is 2.3 mm. long, about 8.2 mm. 
wide; glabella 1.6 mm. nes 1.3 mm. wide behind; neck-ring 
.4 mm. long. 

Holotype: Geological Survey, Санай, 1818. Collected a 
J. F. Smith. 

Horizon: Black River Group. 

Locality: Peterborough, Ontario. 

Remarks: This species differs from О. gibbus in the slight 

1 This relationship was also suggested by Thorslund (1940, Sveriges geol. 
Undersokning, С 486, p. 152), who deseribed. an allied species as “Torn- 
дела ? parvula” The course of the facial sutures, the presence of spines- 


on the anterior margin and the spinose thorax seem to remove the species: 
from Dimeropyge. | 
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flexure of the pre-glabellar field, and in the proportionately 
longer glabella. Its proportions are very close to those of 
D. lucifer, but it is less convex and apparently lacks the glabel- 
lar furrows. | | 

I have accepted Billings’ horizon here, although Raymond 
gives the species as occurring only in the Middle Trenton, 
apparently assuming an error in labelling. I am not sure that 
the matter 18 so simple. Billings knew that Trenton limestone 
outcrops at Peterborough, indeed he described a fossil from it 
on the, page preceding the description of Bathyurus smithii. 
It would seem, therefore, that he had some reason for believing 
the age of the trilobite to be different. Smith was not a casual 
collector, but himself published notes on trilobites. At this 
time E. J. Chapman was active in Toronto, describing Peter- 
borough fossils and writing copiously on trilobites. It seems 
strange that the published horizon should go uncorrected were 
it wrong. I think it more probable that the locality should 
be taken as “near Peterborough,” although this can not be 
settled. There is not sufficient matrix with the specimen to help 
in deciding the question. ‘This discussion has point since 
Billings’ specimen and the complete specimen from the Peter- 
borough Trenton later referred to the species by Raymond 
differ considerably, and I do not believe that they can be 
included in one species. 


Dimeropyge gibbus new species. 
(Plate 1, figures 1-4). 
Haploconus smithii Raymond (not Billings), 1918, 
р. 62, pl. vii, figs. 18-14. 


The specimen described by Raymond is very small, the sur- 
face is poorly preserved, and parts of the head have been 
marred by. tool marks. However it is possible to add some-. 
thing to his description. The pre-glabellar field is perpen- 
dicular to the plane of the head, as is the anterior border. The 
latter is not “upturned,” although it projects slightly beyond 
the field. The free cheeks fall off very steeply, almost vertically, 
at the sides. The eyes are subcircular and prominent. Pal- 
pebral lobes are narrow, separated from the fixed cheeks һу: 
shallow grooves. I must disagree with Raymond’s interpreta- 
tion of the facial suture. Behind, it cuts the posterior margin 

* \ 
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XPLANATION OF PLATE I 


All figures are approximately 12 times natural size. 
Figures 1-4.  Dimeropyge gibbus Sinclair. 1-3, the holotype in various aspects. 
The genal spines appear thicker than they are because all the matrix has not been 
removed from their inner edges. Sherman Fall limestone: Peterborough, Ontario. 
Geological Survey, Canada (GSC) 7828. 4, paratype pygidium and thorax. 
Sherman Fall limestone: Lakefield, Ontario. GSC 6701. 





Figures 5-6.  Dimeropyge lucifer Sinclair. 5, holotype cranidium, GSC 6726. 
6, paratype pygidium, GSC 6726a. Both from Middle Trenton rocks: Roberval, 
Quebec. 


Figure 7. Dimeropyge smithii (Billings). Holotype, a partial cranidium. 
Black River group: Peterborough, Ontario. GSC 1318. 
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just within the inner edge of the Bena spine, then crosses the 
cheek obliquely to the eye. From the eye it runs forward to 
the marginal groove, but then turns sharply in across the bor- 
der to cut the anterior margin almost in the mid-line. 

The thorax and pygidium are seen better in a second speci- 
men. Thoracic rhachis elevated. Pleura not grooved, hori- 
zontal for a little more than one-third their width, then bent 
abruptly down and back; each bears a large elevated node near 
the dorsal furrow. The forward edge of each pleuron has a 
rather large triangular projection at the point of geniculation. 

Pygidium transverse, almost flat on top. Rhachis flat, wide, 
triangular. First ring complete, transverse, having the shape 
of a rod with parallel sides and bluntly rounded ends. Second 
‘ring a little interrupted in the middle by a longitudinal depres- 
sion, which continues across the third ring. A triangular piece 
behind the third ring completes the rhachis. Furrows between 
the rings deep, strong, that behind the third ring a little shal- 
lower. Pleura moderately convex on top, the inner ends of the 
ribs at the dorsal furrows higher than the rhachis. First pair 
of ribs subequal to the first ring in width, bent a little back, 
ending distally in a prominent projection a little above and 
beyond the general surface; bordered in front by a lower tri- 
angular process with straight edges, the front edge transverse, 
the lateral edge inclined at 110° to it. "Then follow two pairs 
of rather broad, flat, almost smooth ribs, separated by weak 
furrows, ornamented by sparse granules distally. Between the 
last ribs, on either side of the post-rhachial piece, are two 
small areas which are sharply separated behind, and which end 
in prominent knob-like projections. The whole pygidium behind 
the first ribs is bordered by a concave, almost vertical, margin 
which bears a single row of large, very indefinitely defined, sub- 
circular depressions, corresponding more or less to the second 
and third ribs and the furrows between them. The lower edge 
of the border is finely granulose. 

Dimensions of complete, specimen (holotype): 4.4 mm. long, 
4.3 mm. wide, cephalon 1.75 mm. long, glabella 1.25 mm. long, 
1.2 mm. wide, pre-glabellar field 0.5 mm. high; convexity of 
head 2mm. Of paratype: five thoracic segments 2.5 mm. long, 
8.6 mm. wide; rhachis 1.6 mm. wide in front; pygidium 1.5 mm. 
long, 8 mm. wide, rhachis 1.2 mm. wide in front. 

Types: Geological Survey, Canada, holotype 7828, para- 
type 6701. Collected by L.M. Lambe and by the writer: 
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Horizon: Trenton group, Sherman Fall formation. 
‘Localities: Peterborough м. and Lakefield (para- 
type), Ontario, Canada. 


Dimeropyge lucifer new species. 
(Plate 1, figures 5 and 6). 


Cranidium small, convex. Glabella short, conical, strongly 
and evenly convex, with three pairs of short, rather shallow but 
distinct, equidistant furrows; the first pair opposite the back 
of the eye, the middle pair almost at the front of the eye, the 
third far forward on the antero-lateral curve of the glabella ; ` 
the furrows are transverse or directed a little back; the middle 
pair is the longest. Neck-ring long, convex. Fixed cheeks con- 
vex, falling sharply, almost vertically, to the postero-lateral 
corners. “Posterior marginal furrow strong, transverse; the 
posterior margin runs a little back, so that the border widens 
distally. Palpebral lobe narrow, much lower than the adjacent 
surface of the cheek, set off by a rather strong furrow. Pre- 
glabellar field convex, just a little off the horizontal. Anterior 
marginal furrow very strong. Border wide, slightly convex, 
horizontal, truncated in front by the oblique sutures. Surface | 
rather coarsely pustulose throughout. 

Free cheeks and thorax not known. 

Pygidium very similar to that of D. gibbus, but the rhachial 
rings are wider and flatter, the third ring is distinctly bent 
instead of being transverse;.the pleural ribs are less pustulose, 
‘and the first rib is more elevated above the anterior projection. 

Holotype cranidium: 2.1 mm. long, 8.2 mm. wide; glabella 
1.2 mm. long, 1.0 mm. wide; neck-ring 0.8 mm. long; anterior 
border 0.8 mm. long; convexity of cranidium 0.85 mm. Para- 
type pygidium : 1.6 mm. long, 2.8 mm. nos rhachis 1.1. mm. 
wide in front. 

Types: Geological Survey, Canada, т 6726, рага- 
` type 6726a. Collected by the writer. 

Horizon: An unnamed limestone of Middle Trenton age. 

Locality: One mile north of Roberval, Lake St. John county, 
Quebec. 

Remarks: This species is most similar to D. tumidus but 
has distinct glabellar furrows. The glabella is longer than that 
of D. gibbus, and the attitude of the pre-glabellar field is quite 
different. The poor preservation of D. smithii makes compari- 
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^ the neck-ring lacks any trace of a median pustule. 


The anterior marginal furrow in this species is so deep that 
most specimens have broken along it, so that the cranidia lack 
the border. This seems to have happened in other species, in 
which the border has not been seen. 


OTHER SPECIES. 
Dimeropyge galenensis (Clarke) (1894, p. 759, fig. 82). 


Prosser member of Galena formation; Cannon Falls, Minnesota 
(horizon from Stauffer and Theil 1941, р. 234). This species, 
which was referred to Haploconus by Raymond, is still imper- 
fectly known. The glabella tapers less, and the fixed cheeks 
are wider in front, than in the Canadian species. 

Dimeropyge tumidus (Bradley) (1980, p. 263, pl. 29, figs. 
28-29). Kimmswick limestone; Missouri and Illinois. Brad- 
ley recognized the true course of the facial suture in the cran- 
idia which he described. The species is very similar to 
D. lucifer, but lacks the glabellar furrows. 

Dimeropyge raymond’ (Roy) (1941, p. 154, fig. 118). 
“Richmond”; Frobisher Bay, Ват Land. Roy described this 
species as Ischyrotoma ? raymondt, but it seems to belong here. 
The species is comparable with D. lucifer, and like many speci- 
mens of that species Roy’s type seems to have lost the anterior 
border. It is twice the size of the Trenton species and the 
glabella is a little longer. There seem to be two pairs (not 
one pair, as in Roy’s description) of glabellar furrows, which 
seem to be directed a little more back than in D. lucifer. 

Cyphaspis ? brevimarginatus Walcott (1884, p. 93, pl. 12, 
fig. 10) was referred to Haploconus by Raymond, but from the 
description it seems to be very different, and I do not include 
it here even n tentatively. = 


SUMMARY. 


Dimeropyge (synonym Haploconus Raymond, non Cope) is 
a genus of small opisthoparian trilobites characterized by very 
convex cephala, short convex glabellae with furrows lacking or 
poorly developed, convex fixed cheeks forming a wide pre- 
glabellar field in front, long genal spines, and facial sutures 
which cut in across the anterior border to end almost in the 
mid-line. The pygidium is wide and flat, the rhachis quite flat 
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with three rings the pleura with three pairs of wide ribs, the 
whole with a steep border. The genus is known from the Mid- 
dle and Upper (?) Ordovician of Esthonia (one species) and 
North America (five species). . 
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DISCUSSION. 
GLACIAL CLIMATES IN THE SOUTHERN HEMISPHERE. 


Among the valuable reports on Sir Douglas Mawson’s Australa- 
sian Antarctic Expedition of 1911-1914, which have been appearing 
at intervals during the past few years is a meteorologic report of 
interest to geologists.! It is an excellent description (unfortunately 
posthumous) of Antarctic climate, based on studies made at three 
localities. The author, Dr. Edward Kidson, lately Director of the 
Meteorological Office of New Zealand, was an able terrestrial physi- 
cist. Не had earlier studied and published the meteorologic results 
of the Shackleton Expedition of 1907-09. During this time he 
twice visited Europe and North America in order to discuss with 
other students of polar meteorology.some of the outstanding prob- 
lems of polar climates. 

In the present work the author has implied that the Antarctic Ice 
Sheet is nourished by relatively warm moist air masses that surmount 
the ice after approaching it from lower latitudes. This implication 
is parallel with recent findings on the Greenland Ice Sheet, ably 
summarized by Matthes,? which refute repeated assertions by Hobbs 
that the Greenland ice is nourished by an "anticyclone." 

On certain assumptions as to relative humidity and other factors, 
Kidson bas calculated that the Antarctic Ice Sheet would receive 
annually about 8.6 inches of precipitation expressed as water. 
This precipitation is believed to occur chiefly in the outer or periph- 
eral belt, with very little in the central area near the Pole. 

Sir G. C. Simpson argued that extensive glaciation during the 
Pleistocene was caused chiefly by increase in precipitation rather 
than by decrease of temperature, and that the increased precipitation 
resulted from an increase of temperature. Kidson, however, has 
concluded that the observed present and inferred former glacial 
conditions in the high-latitude regions of the southern hemisphere 
do not support Simpson's contention, for both the existing glaciers 
and the former glaciation of these lands are related to low mean 
temperatures rather than to high precipitation—or, rather, to а. 
combination of low temperatures and at least moderate precipitation. 


1 Edward Kidson: 1946, Discussions of observations at Adélie Land, Queen 
Mary Land and Macquarie Island. Australian Antarctic Expedition 1911- 
14, Sci. Rps., ser. B, 8: Meteorology, 121 pages. Sydney, Australia. 

2 Matthes, Francois E.: 1946, The glacial anticyclone theory examined in 
the light of recent meteorological date -from Greenland, Part I. Am. 
Geophys. Union, Trans., 27, 324-841. 


861 


862 | ° Discussion. 

“, . . so long as the precipitation exceeds a certain value, which 
doubtless varies inversely as the latitude, the degree of glaciation 
appears to depend almost entirely on the temperature.”® Kidson 
has added his conviction that “a marked fall of temperature would 

' be necessary to produce the conditions at the maxima of glaciation 
in Pleistocene times."* 

The Antarctic Continent presents a special problem because 
there the temperature is perennially below the freezing point. Scott 
and others since his time have expressed the thought that the ice 
sheet could expand only аз. а consequence of a rise in temperature, 

7 which would increase the annual precipitation. , Kidson has deduced 
that such an increase in temperature and precipitation would reduce 
the amount of sea ice off the Antarctic coast, increase the katabatic 

‚ winds that flow off the ice sheet, and increase the rate of ablation. 
If, on the contrary, the temperature were to be reduced, the sea 
ice would increase and ablation would diminish; this might lead to 
slow expansion of the ice sheet despite reduced precipitation. 
Kidson believed we lack adequate data for deducing the net effect 
of these changes; in his opinion the question remains open.. 

"This report also deals with the hypothesis propounded by Milan-. 
kovitch® and others, that the glacial ages-were brought about by 
several periodic changes in the relation of Earth to Sun. In so 
far as it applies to the southern half of the southern hemisphere this 

. hypothesis is rejected, mainly on the chief ground on which it was. 
rejected by Simpson, namely, that it is quantitatively inadequate. 

-  Kidson's conclusion is that meteorologists must find some better 
cause of the glacial climates of the Pleistocene—a cause more nearly 
in accord with the facts of geology. a 
| | RICHARD FOSTER FLINT. 


? Kidson, p. 117. 

* Kidson, p. 117. у . 

5 Milankovitch, Milutin: 1980, Mathematische Klimalehre und astrono- 
mische Theorie der Klimaschwankungen. In Köppen, W., and'Gelger, R., 
Handbuch der Klimatologie, 1, pt. A, Berlin, 176 pages. 

° Simpson, С. C.: 1940, Possible causes of change in climate and their 

. limitations. Linnean Soc, London, Pr., 152, 190-209. 
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CHEMISTRY. 


Catalytic; Chemisiry ; by Henry ҰпллАМ Louse, Pp. xiv, #71. 
New York, 1945 (Chemical Publishing Co., Inc. $8.50). In his 
preface the Author states "In writing this book, I have aimed at a 
brief factual presentation of the underlying principles of catalytic 
phenomena and the application of catalytic reactions in industrial 
processing. In many cases, no attempt has been made to modify 
the original author's view, although such a presentation may lack 
cohesion. This is meant to reflect the multiplicity of experience 
and also the variance in conception which exist in catalytic chem- 
istry up to this time." (p.v.) The author seems to have fulfilled 
his purpose. The contents of the book are gathered into five chap- 
' ters: I, Brief history of catalytic chemistry; II, Catalytic theory; 
III, Nature and properties of catalysts; IV, Specific types of cata- 
lytic reactions; V, Industrial catalytic reactions. The individual 
sections are too numerous to list. Chapter III surveys the elements 
and their compounds as used in catalysis, classifying them into 
groups. Chapter IV deals with types of reaction (18 types) such 
as oxidation, dehydrogenation, cyclization, ete., and Chapter V with 
the industrial uses to which these reactions are put. The book is 
well and adequately illustrated, and contains an abundance of 
references. It seems to the reviewer that this book will be useful 
in guiding the reader into this very complex subject. 

HAROLD G, CASSIDY. 


Physical Methods of Organic Chemistry, Vol. II; Ер. A. Wxiss- 
BERGER. Pp. vii, 787 to 1867. New York, 1946 (Interscience 
Publishers, Inc. $8.50). This is the second volume in a series bear- 
ing the title “Technique of Organic Chemistry.” The first volume 
was reviewed in this Journal 244 596 (1946). This volume is a 
continuation of that one, in that the pagination is continuous from 
it, and this volume contains a subject index for both volumes. The 
contents are as follows: Spectroscopy & Spectrophotometry 
(W. West); Colorimetry Photometric Analysis, and Fluorimetry 
(West); Polarimetry (W. Heller); Determination of Dipole 
Moments (C. P. Smyth); Conductometry (T. Shedlovsky) ; Poten- 
tiometry (L. Michaelis) ; Polarography (О. H. Müller); Determina- 
tion of Magnetic Susceptibility (Michaelis); Determination of 
Radioactivity (W. Е. Bale and J. Е. Bonner, Jr.); Mass Spee- 
trometry (D. W. Stewart). The remarks made in connection with 
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Volume I apply well here also. The book is, as far as the reviewer 
could see, relatively free from misprints and adequately illustrated... 
The same high quality of the contents found for the first volume is 
maintained here. : HAROLD Ө. CASSIDY. 


PALEONTOLOGY. 


A Reexamination of the Fossil Human Skeletal Remains from 
Melbourne, Florida, with Further Data on the Vero Skull; by T. 
Паге Stewart. Smithsonian Miscellaneous Collections, vol. 106, 
по, 10. Рр. 28; 6 figures and 8 plates. Washington, 1946.—The 
discovery in 1925 of a crushed human skull in association with fos- 
sil bones of a Pleistocene fauna at Melbourne, Florida, touched off 
a' long controversy, the paleontologists who were concerned main- 
taining that the skull was of the same age as the rest of the bones 
while most anthropologists claimed that it must have dated from 
Recent time. One of the more telling anthropological arguments 
was that the skull, as reconstructed by Aleš Hrdlička, resembled 
Recent rather than Pleistocene forms of man. This argument has 
now been refuted by Т. D. Stewart, successor to Hrdlicka at the 
United States National Museum. Making a new and apparently 
more accurate reconstruction of the Melbourne skull, Stewart finds 
that it is "not typical of the late Florida Indians” but instead fits 
“into our present concept of the earliest type found on the conti- 
nent." Moreover, in the new reconstruction the Melbourne specimen 
is surprisingly similar to the Vero skull, found not far away under 
like circumstances. | IRVING ROUSE. 


MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


The World of Numbers; by HERBERT McKay. Рр. 198. Cam- 
bridge (At the University Press). New York, 1946. (The Mac- 
millan Company, $2.50).—This book is one of the most interesting 
among the volumes on elementary mathematics for the general 
reader that have appeared in recent years. Of the sixteen chapters 
in which the contents have been divided, the first ten deal princi- 

` pally with problems that are encountered in elementary treatises on 
astronomy, from measuring the earth, time and planetary orbits to 
the sun’s output of energy and stellar magnitudes. The difference 
from the presentation in textbooks on astronomy is that the pro- 
cesses of calculation are given in much detail and that the reader’s 
interest is enhanced by witty comments and historical remarks. 
Among the best chapters is one that falls somewhat outside of this 
group: “The Arithmetic of Great Rivers” which contains a most 
illuminating treatment of floods and erosion. 

The remainder of the volume consists of three chapters which 


Miscellaneous Scientific Intelligence. ` . 865 


deal capably with the basis of calculus, the calculation of я, and 
with imaginary numbers, and finally three chapters on miscellane- 
: ous topics. | 

The author is very certain in the use of numerical data of.all. 
sorts. On this account it is regrettable that he assigns, on page 98, 
to Arcturus a parallax of .008", placing the star at eleven times its 
true distance. DIRK BROUWER. 


Mathematical ‘Biophysics of the Central Nervous System; by 
Aston S. Ноовеногрев and НЕнвкнт D. Гамранг. Pp. ii +, 
124; 84 figs. Bloomington, Indiana, 1945. The Principia Press, 
Inc.)—In the introduction to Mathematical Biophysics of the Cen- 
tral Nervous System, Householder and Landahl state their aim to 
be "seeking to develop a theory of the nervous system as the deter- 
miner of behavior." They emphasize the fact that progress by the 
observational methods of anatomy and physiology is slow and 
'present results are limited essentially to the simple spinal reflex, the 
paths of the retinal fibers, the mapping of several regions of the 
cortex, and the interaction of some regions of the cortex with others. 
Many details of the functioning of the neural units are known, but 
how, for example, the neural units are combined in thé visual area 
to enable the organism to locate an object seen and to act accord- 
ingly is not explained by these observational techniques. It is not 
likely thata “wiring diagram” of the nervous system of an organism, 
even if it could be uniquely traced, can ever yield this type of 
information. Since this is a problem involving space and time inter- 
vals, a theory based on the properties of the neural elements will 
be required in conjunction with a “wiring diagram" in order to 
explain the behavior of the organism. 

In this monograph such a theory is developed. Part I is concerned 
with idealized elementary neural units and their properties; the 
theory of chains.of neurons, the dynamics of simple circuits, and the 
theory of more general neural networks. In Part II comparisons 
are made between the theory and experiments such as reaction 
times as а function of stimuli, psychophysical discrimination, and 
conditioning. In Part III the development of the theory from 
microscopic properties of the neural elements rather than the macro- 
scopic ones used in Parts I and II is presented. 

The results of the theory are two-fold. First, certain neural 
structures are assumed to correspond to a given class of stimuli- 
response behavior, and quantitative functional relations between 
stimulus and response are derived. Тһе theory, if it fits in regions 
where data are available, can be extended to yield predictions 
beyond the range of verification. Second, on the basis of such 
analysis new experiments are suggested which are likely to be of 
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greater significance than the present material as more of the impor- 
tant factors are understood. These in turn may lead to revisions of 
the theory. Along these lines the book offers much promise. 

Most of the mathematics used in the book is of an elementary 
character. A working knowledge of elementary calculus is sufficient 
to insure almost complete understanding of the work. 

ROLAND Е. MEYEROTT. 
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Chemistry of Food and Nutrition; by H. C. Sherman. Seventh edition. 
New York, 1946 (The Macmillan Co., $8.75). 

Bulletin of the Museum of Comparative Zoblogy at Harvard College, Vol. 
97. The Salticidae (Spiders) of Panama; by A. M. Chickering. Cam- 
bridge, Мавв., 1948. 

Mississippi Geological Survey. Bulletin 68. Lee County Mineral Resources. 

Geology; by F. E. Vestal. University, 1946, 

Virginia Geological Survey. Circular 2, Supplement 1. Publications on the 
Geology and Mineral Resources of Virginia; by А. Bevan. Unversity, 
1948. 

Illinois Geological Survey. Bulletins. as follows: No. 58. Developments in 
Eastern Interior Basin in 1945; by А. H. Bell; No. 54 ОП and Gas 
Development in Illinois in 1945; by А. Н. Bell and V. Kline. Report of 
Investigations as follows: No. 117. Southern Illinois Novaculite and 
Novaculite Gravel for Making Silica Refractories; by С. W. Parmelee 
and €. G. Harman; No. 118. Preglacial Erosion Surfaces in Illinois; by 
L. Horberg. Urbana, 1948. 

Analytical Experimental Physics; by Н. B. Lemon and M. Ference, Jr. 
revised edition. Chicago, Illinois, 1946 (The Chicago University Press). 

Wissenschaft und Kulture. Band 2, Die Entwicklungsgeschichte der 
Chimie; by H. E. Fierz-David. Basel, Switzerland, 1945 (Verlag Birk- 
hüuser, 5 Fr. 27.50). 

International Serles in Pure and Applied Physics. Wave Propagation in 
Periodic Structures, Electric Filters and Crystal Lattices; by L. Brillouin. 
New York, 1946 (The McGraw-Hill Book Co., $4.00). 

Radio’s Conquest of Space; by D. McNicol. New York, 1946 (Murray НШ 
Books, Inc., $4.00). 

Chronica Botanica. Vol. 10, Number 34. Merrilleana, a selection from the 
general writings of E. D. Merrill Waltham, Mass., 1946 (The Chronica 
Botanica Co, $4.00). - 

Human Genetics. Vols. 1 and 2; by В. В. Gates. New York, 1946 (The 
Macmillan Co., $15.00). 

U. S. Geological Survey: Bulletins as follows: 945-G. Chromite Deposits of 
the North Elder Creek Area, Tehama County, California; by С. A. 
Rynearson. 947-B. -Molybdenite Investigations in Southeastern Aluska; 
by W. S. Twenhofel, G. D. Robinson and H. R. Gault. 947-C. Nickel 
Investigations in Southeastern Alaska; by G. C. Kennedy and M. S. 
Walton Jr. Price $15. 947-D. Geology and Associated Mineral Deposits 
of Some Ultrabasic Rock Bodies in Southeastern Alaska; by G. C. Ken- 
nedy and M. S. Walton, Jr. Price $10. 947-E. Copper Bullion Claims 
Rua Cove, Knight Island, Alaska; by К. Stefansson and В. M. Moxham. 
Price $.10. 947-F. Copper Deposits of the Nirina District, Alaska; hy 
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D. J. Miller, with an ' Introduction. by F. H. Мой. Price $15. 950. 
Contributions to Geochemistry 1942-45. . Short papers by В. С. Wells and 
Others. Price -8.40. Professional Papers as follows: 205-D.. Lale 
Mesozoic and Early Cenozoic History of Central Utah; by E: M. Spieker. 
Price #15. 206. Upper Cretaceous Foraminifera of the Gulf Coastal 
Region of Һе United States and Adjacent Areas; by J. А. Cushman. 
Price $1.00. 207. Geology and Paleontology of "Palos Verdes Hills, 
California; by W. P. Woodring, М. М. Bramlette and W. S..W. Kew. 
Price $1.50.. 210-A. Tertiary Foraminifera from St. Croix, Virgin. 
Islands; by J. A. Cushman with a note on the geology; by D. J. Ceder- 
strom. Price $20. 210-B. А Pennsylvania Florule from the Forkston 
Coal in the Dutch Mountain Outlier, Northeastern Pennsylvania; by С. 
B. Read, Price $15. Washington, 1946. 

Endless Horizons; by V. Bush. Washington, D. C., 1946. (Public Afairs 
Press, $2.50). 

Essays on Growth and Form, presented to D'Arcy Wentworth Thompson; 
edited by W. E. Le Gros Clark and P. B. Medawar. New York, 1945 
(Oxford University Press, $6.00). f 

The U. S. S. В. a Geographical Survey; by J. S. Gregory and D. W. Shave. 
New York, 1948 (John Wiley & Sons, $4.25). 

Ilinois Geological Survey. Circulars as follows: No. 122. Use of Electrical 

. Geophysical Methods in Groundwater Supply; by C. A. Bays; 128. 
Agstone used in Illinois in 1945; by W. H. Voskull and D. Е. Stevens; 124. 
What about our Minerals? А Quis Book on the Geology and Mineral 
Resources of Illinois. Urbana, 1946. 

Australasian Antarctic Expedition 1911-14. Scientific Reports. Series’ B. 
Vol VI. Meteorology. Discussions of Observations at Adelie Land, 
Queen Mary Land and Macquarie Island; by E. Kidson. Sydney, Ача: 
tralia, 1946 (Government Printing Office, Twenty shillings). 

Hygiene, 4th Edition; by Florence L. Meredith. Pp. 888; 155 Figs. Phila- 
delphia, 1946 (Blakiston Со. $4.00). This is a textbook for college stu- 
dents on physical and mental health from personal and public aspects. 

Communication Through the Ages; From Sign Language to Television; by 
A. Still. , New York, 1946 (Murray НІН Books, $2.75). 

Georgia Geological Survey, Department of Mines, Mining and Geology, 
Garland Peyton, Director, Directory of Georgia Mineral Producers, 1946. 
Bulletin No. 52. Geology and Ground-Water Resources of the Coastal 
Plain of East-Central Georgia; by P. Е. La Moreaux. Published in 
~ coöperation with the U. 8. Geological Survey. Atlanta, 1946. 

“Mathethatics of Finance; by J. A. Northcott, New York, 1946. (Rinehart 
& Co., Inc, $8.00). 

Penicillin, Its Practical Application; edited by Sir Alexander Fleming. 
Philadelphia, 1946 (The Blakiston Co., $7.00). 

Kansas Geological Survey. ` Bulletin 6L.. Geology and Ground-Water 
Resources of’ Grant, Haskell and Stevens Counties, Kansas; by T. G. 
MacLaughlin. Topeka, 1946. 
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